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PREFACE TO THE THIRTEENTH 
EDITION 

As, o>^g to unavoidabie circumstances, Sir Arthur 
Whiteleg^ has been unable to take any share in 
the revision of the present edition, the task has 
fallen entirely to me, and has had to be undertaken 
in a somewhat scanty leisure. The book has, how 
ever, been thoroughly revised, and while certain 
portions have been curtailed or excluded, new 
sections have been added. A number of fresh illus 
trations have^also been introduced, and much new 
material in regard to subjects which have assumed 
an increased importance, inrtly on account of the 
advance of Preventive Medicine and partly on 
account of .the War. The'^application of the methods 
y'Preventive Medicine'to infant mortality,'tuber- 
^nlosU, venereel disease, and tropical diseases, and 
j^ft^if^itary, naval, and industrial-welfare activities, 
m become more and more a matter national 
ttvgenoy. AUdiough, therefore, endeavour has been 
Igado to restrict the manual to ito former aiae, an 
sblatiement to the extent of some thirty-two pages 
t^-Jound to be necessary. It should be added 
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that where competent authorities differ in* opinion 
or practice, prominence hae been giren as far ae 
l)088ible to the official views generally accepted. 

I may repeat that the object of this introdutfbory 
and elementary manual is to summariiie’in a con¬ 
densed and succinct form the most important appli¬ 
cations of Preventive Medicine, for the use of the 
medical student, the medical practitioner, apd the 
health officer in everyHnanch of the Publi* Service. 
Such n review must necessarily be tentative and 
provisional in mai\y ways. Imprbved methods and 
appliances, fullor and later statistics, the results of 
incent research, and new conceptions and applications 
are being brought forward almost continually. Nor 
must it be forgotten that, in addition to a con¬ 
siderable growth in our knowledge of the etiology 
of disease and the conditions of it# progress and 
prevention, there is an ever-widening sphere of 
influence in the State both for the voluntary and 
the official worker in preventive Medicine. The 
subject is thus year by year becoming of greater 
importance to the practitioner of medicine, and to 
all who arc engaged in the Public Health Servipe, 
GEORGE NEWMAN. 


Loxnos. 1#17. 
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HYGIENE AND PUBLIC 
HEALTH 


CHAPTlilR I 
AIR 

Tbk primary essential requirement for the main¬ 
tenance of life is air. In 100 volumes of pure dry 
air there are, approximately, 21 of oxygen, 78 of 
nitrogen, and 1 of carbonic acid, argon, helium, neon, 
krypton and xenon. There are also other gases in 
much smaller proportion. In practice, however, air 
is never quite pure or dry, and it is therefore 
necessary to incAide watery va|X)ur, dust, and gaseous 
impurities of local origin. * 

Oxygen ranges from 20'99 per cent, ihy volume 
in sea or mountain air, to 20'7 in crowded rooms, 
18‘3 in ill-ventilated mines, and 16'5 in expired 
air. It is lessened by inspiration, by combustion, 
by fermentation, by certain manufacturing processes, 
by oxidisable organic effluvia, and by fog ; but it is 
increased by vegetation and by rain. Tlie average 
in the open air of towns may be taken as 20-90 
volumes per cent. The molecular formula is 0^. 

OBone, a more active and condensed form of 
oxygen, with the molecular formula O 3 , instead of 
Ug, is an irrespirable gas readily reducM by oxidis- 
am matter. It is only an occasional component ot 
air, and is never present in more than minute traces. 



difficult of exact meaaurement. The proportion is 
greartest after thunderstorms, always higher on the 
sea coast than inland, and usually higher with S.W. 
than with N.K. winds, it is a powerful bleaching, 
oxidizing and disinfecting agent, and is used for 
purification, of air and sterilization of watpr. 

Nitrogen and argon are inert, and, from the point 
of view of public health, may Iw looked upon as 
diluents only. 

Carhonic<acid gas (00;), said to be absent 
from desert air, varies from 2’5 per 10,000 In purest 
mountain or sea air, to 15 or 20 or mdre'parts in 
10,000 in confined atmospheres. In fresh open hie 
■fit is stated to l)e, as a rule, 3 per 10,000, or OOS 
per cent. The proportion is greatly increased by 
expiration, for in expired air there is not infre¬ 
quently as much as 460 parts per 10,000 (4'5 per¬ 
cent.). Theproixirtiou of COj in air is also increased 
by combustion, putrefaction, and fog, and it is di- 
niinisherl by vegetation, rain, high winds, and, in 
rooms, by ventilation. Both carbonic acid and organic 
matter are greatt^r in the *air of todns than in that 
of tile country, and in day air than night air. In 
railway tunnels Clowes found an average of 14 parts 
of CO; per 10,000, and on one occasion as much as 
28-8 parts. Inhabited qpoms contain between 3 and 
4 parts per 10,000, and anything above this amount 
should be regarded as impurity. COg was taken by 
Pettenkofer as an index of atmospheric imparity, 
because it is more readily measured than some of 
the gases and organic matter by which it is aoeom, 
ponied when it is the product of respiration, -Ihi 
presence is, of course, no indication of moMrare, 
heat, or movement of confined atmosphere. 

^naaioBta salta in air, like carbonic-aoidy^ 
are due mainly to animal exhs^tions and 
prooasses. Fresh air contains from 0-0$ to 



jj 


(XMrsnr&ffirrs of air 


of oorboiufte or nitrate of ammonia per cubic metre 
(1,000 litres), but in ciwded rooms, or, for example, 
over middens, there may be O'SO mg., or even more. 
The variations are generally imrallel with those of 
carbonic acid, and are similarly affected by weather 
llfarah «ae or methane (OH,) is mot with in 
the air of coal mines {fire-damp) and marshes, and, 
in very small quantities, even in pure air. In Xhe 
former case the proportion may he suflicient to des¬ 
troy life by the exclusion of oxygen, but as much as 
300 parts* per 1,000 can be breathed with coraparatire 
impunity, fff present in certain proportioits it forms 
an explosive mixture with air. It is a constituent of 
coal gas. 

Carbonic oxide (CO) is present in minute 
quantity in the air of towns, but in larger degree in, 
say, that of a railway tunnel. Coal gas contains from 
4 to 12 per cent., but “ water gas ”* and “producer 
gas” as much as 40 per cent. Carbonic oxide is found 
as a product of imperfect combustion, particularly of 
charcoal, and cast-iron stoves or burners may give it 
off in considerable quantity. The inhalation of air 
containing 0''2 per cent, produces unconsciousnesjT in 
halt an hour, and 0'.5 per cent, is rapidly poisonoua 
'Ke toxic properties of carbon monoxide are due to 
the fact that the gas entersainto direct combination 
with the hemoglobin of the blood, forming with it 
an extremely stable compound, which acts as a 
narcotic poison. Persons thus poisoned die, there¬ 
fore, simply from want of oxyhemoglobin 

iuipibaroM acid (H^O,) is another product 

f 17iiA«rmioi»umeigiae> olf thii MtHreira iiov iirgdj mde and 
to tli« paMia, bf>eh seporatoly and it in luxillary to on ordiniry 
flirif'iffi' tnrmfr Th«f hai^, nsturalfr, llttlo power, buteih bi 

utobe «qail to ordbuu 7 git,M(i torc^iln 
tr>qO., t» 0 c (g Nei liUMJmitjr It not required. Hieir UM relit &>r grmt <tii^ 
id jp IWiliiili, Md u i ftirther preesntl<»i tbe ^ tkould to "odorM,” 
‘udipitd vttii soiM BtroaK-iuielllng BUOtURoe. lo. eertiio Aoti 
vorktef for ** Mood of UpttdMt, of COft 
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of combustion, and traces of it are found m factory 
town air, least in clear breezy weather, most during 
fog and under nnticyclonic conditiona Coal stoves 
and gas burning are the chief sources of SOj in 
the air of rooms. 

Sulpiiurettcfl hydrogen (U,S) nmy occur in 
the air of marshes, in and near excavations, in collec¬ 
tions of refuse or decaying vegetable matter, in sewer 
gas, and in chemical works and their waste heaps. 

The inhalation of H,S is followed j}y more 
poisonous results than is commonly suppo^d. An 
atmosphere containing 0 7 to 0’8 of H.jS in 1,000 
litres of air is dangerous to human life, while air 
'containing 1 to 2 per 1,000 parts destroys it in a few 
minutes. When only minute quantities are present, 
vertigo, headache, ami malaise are produced. Two 
types of poisoning occur, namely (1) that resulting 
in sudden death due to the action of H,jS on the 
respiratory nerve centres, and (2) that resulting in 
alow poisoning and death by asphyxia in addition 
to nervous phenomena. 

It*may here be stated that the various constituent 
parfs of air are not chemically combined, but only 
mechanically mixed. The proofs of this are—-(«) that 
the relative proportions of oxygen and nitrogen 
present in air are no* thjse of their combining 
weights, or of any simple multiple of those weights j 
(6) that if air be artificially made by mixing oxygen 
and nitrogen together in due proportions, no change of 
volume or temperature takes place as would be found 
, had chemical combination occurred; (c) that on dif¬ 
fusion there is a separation of the two chief gases, 
whereas a chemical compound would diffuse un¬ 
changed ; and (d) that if air and water be shaken 
together the water dissolves some of the sir, which 
can be subsequently expelled by boiling, when the 
sir which is expelled will be found to contain 14 
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per cent, jiore oxygen, which signifies that the atmo¬ 
sphere is not a stable chemical compound. 

Physical propertlesi 1. Weight.— At a tem¬ 
perature of 32" F., the barometer being at 2i)'9 
inches, 100 cubic inches of air weigh about 32'5 
grains, and n cubic foot 373 grains. 2. Compression 
and expansion.— The stratum of atmosphere near the 
earth’s surface is more dense because more subjected 
to pressure than a stratum remote from the earth’s 
surface. . The air is subject to Boyle and Mariotte’s 
law : </ie temperature remaining the same, the volume 
of a given weight of air is inversely as the •pressure 
which it bears. Under extreme pressure, with very 
low temperature, we now know that it may be lique¬ 
fied {Dewar). The converse of compression is also 
true, and air is capable, in common with other gases, 
of expansion. This, too, follows a law, that of Charles: 
the volume of a given •weight of air at a constant 
pressure varies directly as the absolute temperature. 
The increase of the unit of volume of a gas for one 
degree of temperature, that is, from zero to one 
degree, is termed the co-efficient of ea-pansion, and is 
practically the same for all gases of flieir 
volume). For every degree Fahrenheit Ibove 32" 
the co-efficient is part of its volume. 3. 
Diffnaion.— If two different gases in receivers be 
brought into communication with each other, they 
will diffuse the one into the other, and similar 
diffusion occurs in the atmosphere, but all gases 
do not diffuse at the same rate. According to 
Graham’s law the rates at which gases diffuse vary 
inversely as this square roots of their densities. These 
physical properties of sir are of importance in con¬ 
nexion with the practice of ventilation. 

’The plysiological effects of abnormal atmospheric 
pressures nave recently received attention owing to 
the occurrence, in certain engineering enterprises. 
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of eompressed-air Illness or enisson dlsense. 

Under increased atmospheric pressure (say 25 lb. to 
the square inch) a sense of fullness in the head occurs, 
accomiianied by deafness, frontal headache, with or 
without epistaxia, sometimes haemoptysis, and in all 
cases a degree of arterialization of blood (h superficial 
veins. The symptoms of caisson disease are syncope, 
pains ill limlH, epigastric pain, nausea and vomiting, 
and motor and sensory paresis. Rapid decompression 
is probably i-esponsible for many of the symptoms. 
Twenty minutes for each atmosphere pf pressure 
above the normal should lie allowed for decumpreasipu, 
.and during the period of decompression all parts of 
the body should lie quietly exercised in order to main¬ 
tain capillaty circulation {Gremwood). 

Bacteria In air vary in number and species 
according to certain external circumstances, of which 
the following are the chief, namely, (I) the pollution 
of the air, (2) the dampness of sniTounding surfaces, 
(3) gravity, and (4) various seasonal and meteoro¬ 
logical conditions. _ , 

1.* The pollution of air.—It was Tyndall who in 
ISTS first pointed out that dust in air might carry 
micro-organisms (“ the raft theory ”), and that, other 
things being equal, dusty air contained more bacteria 
than dust-free air. Sifice -that time many investi¬ 
gators have confirmed this by examination of the air 
of worksliops, schoolrooms, etc. In open fields, free 
from habitations, few bacteria are present, and tiie 
same is true of mountain and sea air; in towns or 
crowded rooms the reverse is the case. Haldane 
found 8 per litre in a dressmaker’s workrooui, but 
860 per litre in a dusty ropemaker’s room; Oidhim 
Smith found 32 per litre in the dining-rooin al> ^ 
House of Commons, and 1 per litre in the ppen air of 
theTerraoo; and Andrewes, investigatiBg the-l^ 
the Central London Bailway (Ondmgtound ti^, 
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1} BACTERIA IN AIR 

{ound 12 litre on Uie lift and 21 |jer litre on tbe 
platform. An atmosphere may be offensive and yet 
oompaintively free from bacteria, as in sewer gas, 
oerMn offensive trades, railway tunnels, etc. 

2. The dampness of surrounding surfaces.—Air 
over sandy soils contains more bacteria as a rule 
than that over damp clay soila Rain and snow 
diminish tbe number of organisms in air. It has 
also been proved that air contained within a moist 
perimeter is almost genn-free. Hence the compara¬ 
tive absence of bacteria in expired air in ordinary 
qyiet respiration, though in the act of coughing, 
sneezing, or shouting orga.iiianis may be present in 
the expired air {FlUgge). Haldane, Andrewes, and 
others have shown that the same principle applies 
in a sewer, the air of which frequently contains fewer 
organisms than that of outside air, tlie species found 
belonging less to the sewage than to outside air. This is 
also the explanation of the retention of bacteria in 
sputum (the tubercle bacillus), or excreta (the typhoid 
bacillus), so loqg as these materials remain moist. 

3. The influence of gravity operates upon micro- 
■oopio cells in the same way, of course, as upon Sther 
particulate matter. Hence, fewer liacterid are found 
at high altitudes or on the tops of lofty buildings. 
Oraham Smith found thahat the top of the Clock 
Tower of the Houses of Parliament * in London 
there was only about one-third of the number of 
bacteria found at ground level. 

4. Seasonal and meteorological conditions also 
exert an induence upon the number of bacteria 
found in air. The seasonal maximum in the open 
air seems to occur about midsummer, and the 
rniiiimnm about the middle of winter, but in hospital 
wards and houses tbe reverse occurs, owing no doubt 
'to. venrilation. Air-currents and wind, of course, 
fafart • marked influence, as also do rain and snow. 
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Direct auolight possesses considerable bactericidal 
power, and thus reduces the number of air organisms. 

Unlike the organic matter and carbonic acid, the 
number of microbes in the air of crowded roonu 
is dependent rather upon habitual uncleanliness than 
upon the conditions of ventilation at tAe time of 
observation. They are not due to ordinary respira¬ 
tion, nor as a rule to want of cleanliness of 
persons or clothing, but are derived from the walls, 
ceiling, and floor of the room itself, especially if 
these are porous and absorbent, and are so^made as to 
vibrate and thus create dust. As to the nature pf 
the microbes found in the air, little that is flnal 
can bejiaid. Their variety is considerable, and for 
the most part they are saprophytes and harmless to 
man, but they may include putrefactive, suppurative, 
intestinal, and pathogenic organisms. Under excep¬ 
tional conditions bacilli of tubercle, typhoid fever, 
and otiier diseases have been isolated from air, and 
Gordon has detected an “air streptococcus” and a 
“ skin staphylococcus,” indicative of ijlth and human 
pollution. 

^mres of moulds, though more bulky than most 
other air-lsh'iie organisms, are less readily deposited. 
Other low forms of organisms and |)ollen may also be 
found, and may be the A)urdb of certain forms of 
disease (hay-fever). 

Dost, —Aitken found the number of dust par¬ 
ticles per cubic inch of air to range from 2,000 in the 
open country to 3,000,000 in towns, and 30,000,000 
in rooms. Apart from living organisms, dust con¬ 
sists chiefly of mineral particles, and of formed or 
unformed organic matter of vegetable or animal 
origin, epithelium scales, pollen, or particles of flax, 
wool, or cotton. 

Indoor dust contains more organic components 
than that oft the open air, although open fires add 
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largely to the mineral part. The heavier particlei 
subside readily in still air, the lighter more slowly, 
but practically deposition is always taking place, 
even in closed rooms and spaces, since air carrying 
dust is constantly passing in or out through crevices 
with varittions of temperature and pressure. Hence 
the only dust-proof spaces are those which are kept 
hermetically sealed or in which there is provision for 
free entry of air tlirough a dust-filter. The inhala¬ 
tion of dust may lead to various forms of pulmonary 
disease—gnthracosis, silicosis, etc. Tuberculosis is 
!(pread in this way. Limestone and plaster-of-Paris 
dust are relatively innocuous; but silica, owing to 
physical and chemical properties, is highly injurious 
{Collis). Lend dust and the dust of T.N.T. and its 
derivatives are also poisonous {see pp. 682, 684). 

Respiration. —The oxygen of the air, taken 
into the lungs by inspiration, passes by osmosis in 
the air-cells into the blood-capillanes and there unites 
with the hamoglMu of the blood as oxyluenioglobin, 
in which forij it is carried throughout the body, 
The tissues abstract the oxygen, and, as a result of 
oxidation, yield CO, which finds its way back to 
the lungs in the venous blood. Thus ‘expired air 
possesses 4 per cent, of CO, in place of 4 per cent, 
of oxygen. Water, organic matter, and a little am¬ 
monia are also arlded. An average adult gives off 
about 0’6-0-8 cubic foot * of carbonic acid per hour, 
or 17 litres, of which perhaps about one-fiftieth part 
is yielded by the skin (Regnaidt). Haldane gives 
the amount as O'fi cub. ft. for a man at rest, and 1*1 
during work. The amount is less in women, children, 
and a^ persons, but more in animals, such as oxen 
or horses, which give oil' about three times as much 
COj as does man. 

Expired air, as we have seen, contains about 4*5 

* O’M durlog tlaep; 0*70 when twiJco. {Pettenkctfer.) 



per cent. o{ carbonic acidj and only about 16 per 
cent of oxygea Aa a rough average it may be 
stated that 9-10 oz. of watery vapour are given off 
by the human lunge iu 24 hours, and 20-25 oz. 
by the skin. In health, expired air contains few, 
if any, microbes, but much organic matfer. It is 
nitrogenous, oxidizabie, molecular, and probably 
exists in combination with water, since it is readily 
absorbed by hygroscopic objects. It is pi-ecipitfited 
fbom solution by silver nitrate, blackens on ignition, 
reduces potassium permanganate, yields aptmonia. on 
distillation with alkaline permanganate, and ha; 
a fetid smell. Unlike carbonic acid, organic matter 
diffuses'sluggishly through the air of a I'oom, and 
is destroyed slowly by fresh air. It promotes the 
growth of micro-organisms, in which respect it appears 
to differ from COo; and milk, meat, or other foods 
in contact with it readily become tainted. The pro¬ 
duction per head of both carbonic acid and organic 
matter is increased after physical exercise. At rest 
a man 'breathes 7 litres of 'air and uses 300 c.c. of 
oxygpn per minute, but in vigorous muscular wwk 
he may breathe upwards of 100 litres of air and use 
3,000 C.O. of oxygen. 

Combustion- — Coal when-burnt gives off— 
(1) carbonic acid, togethef witli carbonic oxide unless 
the combustion is complete; (2) sulphurous and sul¬ 
phuric acids (1-5 per cent, sulphur exists in coal), 
carbon bisulphide, ammonium sulphide, and some¬ 
times sulphuretted hydrogen; (3) water; (4) fine 
particles of carbon and tarry matter. 

Goal gas yields similar products, but there is little 
free carbon or organic matter. The sulphur at-m 
should not exceed 20 grains per 100 cub. It, 'Are 
Alkali Works Regulation Act (1906) provides that aht 
more of the acid gases of sulphur and nttrogan-than 
the equivalthit of 4 grains of sulphuric imydride 
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per cubic foot of air, gas, or smoke must escape into 
the atmosphere. Wood yields little of the sulphur 
compounds. Oil and candles give scarcely any, but 
they increase the organic matter in the air. 

The gpeoiis products, especially carbonic acid, are 
i-apidly rnffused by air-currents; but the suspended 
particles diffuse slowly, and are not as a rule found 
at a greater elevation than 600 feet. Impurity from 
the use of illuminants also imllutes the air, and at the 
same time exhausts it. An ordinary bat's-wing burner 
(16 candle power), consuming 5^ cub. ft. of gas in one 
Jionr, has been estimated to piuduce 2'8 cub. ft. of 
COj and 7'3 cub. ft. of moistiuu, thus vitiating the 
atmosphere to the extent which fire adults would do 
in respiration. There is also abstraction of oxygen. 
On the other hand, the burning of gas may assist 
ventilation by causing increased circulation of air. 

Impurities of air include micro-organisms, or¬ 
ganic effluvia, fumes and gases, particulate matter and 
dust (poisonous or otherwise) The micro-oiganisms 
present, as already stated, are usually saprophytic, but 
may be parasitic and even infective. Organic gffluvia 
result from factory processes, sewage, garbage, etc., 
and from various degrees of fermentation and de-,. 
composition. Of the gaseous impurities the chief 
are CO, and CO (derivAi from man and animals, 
from combustion, and trade processes), sulphur gases, 
and ammonia in combination or free. Ibe particu¬ 
late matter consists of organic and inorganic dust 
(mres, animal and vegetable cells, coal .dust, etc.). 
The amount of organic matter is indicated (a) by 
sense of smell of a person coming m from the fresh 
air, (&) by measuring the amount of CO, by analyms, 
j(«)> by direct estimation of the organic matter itielf. 

^MaUng generally, the chemical impurities of 
|i» air (reduced oxygfia, incteaael 00, om organic 
matter) are not now held to be the chief agents of 
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its injurious capacity. Haidane, Hill, Flack, and 
others have shown that dust^ bacterial infection, and 
particularly the physical chai'acters of temperature, 
relative humidity, and movement of air, exert the 
principal effect. Hill has demonstrated that man 
can breathe air containing 3 to 4 per ceift, of CO 3 
and only 16 or 17 per cent of oxygen without actual 
poisoning. Divers, caisson workers, and brewery-vat 
workers suffer no ill effects breathing air containing 
2 per cent. COg. Relief is obtained by increasing 
the air motion by fans. Excess of OOg ab^ve 5 per 
cent, produces dyspnma and headache in a few^ 
mihutes, and higher percentages spasm of tho glottis. 
The essential air conditions of adequate ventilation 
are therefore ( 1 ) cleanliness and freedom from dust, 
( 2 ) movement, coolness, and relative moisture of the 
air, (3) reduction of bacterial pollution and absence 
of pathogenic organisms. 

Examination of air.—1. Particulate matter 
and bacteria suspended in the air may he collected for 
microBco]vo examination by aspiiiktin^ the air through water ; 
or by allowing a jet of air to paw into an exhausted receiver 
throu^ a fine aperture, so as to impinge upon glass smeared 
with glycerin^ which arrests tho particlos (Poochet’s oero- 
acope}; or by as^druting air through a filter of powdered 
suf^r, and, hy dissolving away tho sugar in water, obtain¬ 
ing the intercepted particles anailablc for examination. By 
measuring tho volume of air aspirated, and counting the 
particles in an aliquot part of tho intercepting material, these 
methiris can be made quantitative. 

Micro-organisms will, for the most part, escape detection 
by this method, and, indeed, no means exist of determining 
their number with accuracy. A rough approximation may 
be obtained by making a plate-cultivation from the whole 
(er an aliquot part) of the material obtained in the manner 
described above, and counting the colonies; but for obvious 
reasons the result gives only the number of organisms which 
can grow under one sot of conditions. Hesse aspirates air 
slowly through a wide horizontal glass tube smeared on the 
inside with nutrient gelatin, the aur entering trough a pin¬ 
hole at such speed as to allow suspended partiries to mil upon 
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the gelatin. Sedgwick, Frankiand, Petri, Pasteur, and othen 
have adopted methodi of filtration through sugar, sand, etc., 
which ia subsequently cultured in favourable media. Tho 
amount of air examined is measured by a syringe or aspirator 
of known capacity. Koch relied on exposure of plates of 
gelatin to the air to bo examined. Gordon prefers using 
‘'broth'plaies’' in the same way, with anaerobic cultivation 
of the brotn at 37^ C. for 4S hours and subsequent subculture. 
Search should be made for streptococci (as indices of saliva), 
B. coti and B. $ntmtidu tpovogenet (as index of recent and 
non-recent fmcal pollution), and B. mgeoides (as index of soil 
contamination). 

2. Organic matter in air may be measured by deter* 
mining th^ volumo of air required to decolorize a known 
volume of a standard solution of permanganate of potash, 
such as 0*316 grm. in 1 litre of distilled water. The air may 
be aspirated through tho solution, or Hitocessive volumes 
washed with tho permanganate, by shaking in a bottle until 
the solution is no longer pink {GameUt/\. Another plan ia 
to aspirate a known large volumu of air through distilled 
water, and then examine the latter by Wanklyn’s albuminoid 
ammonia process, described subsequently (p. 80). In such esti¬ 
mations it is desirable in each case to make control experiments. 

3. Carbonic acid, (l) Bettenkofer'a method.-^Thet soiu* 
tions required are: (a) Pure lime-water, saturated or nearly 
so; {b) standard solution of crystallised oxalic acid of such 
strength (2*25 grm. per litre) that 1 o.c. exactly neutralizes 
I mg. of lime, CaO. From tho equation CaO + COj m^aCOg 

SC mir. 44 tOO ms- 

44 * 

it is evident that 1 mg. of GaO takes mg. of CO». The 
volume of 44 mg. of COo at^^ C. and 760 mm. pressure is 
22*4 c.o., so that ^ mg. =0*4c.c. Hence, each c.c. of oxalic 

solution corresponds to 0*4 c.c. of carbonic acid, either being 
capable of neutralizing exaotlv 1 mg. of lime. 

A wide*moiithed glass bottle, provided with a tight-fitting 
glass or rubber stopper, is also necessary. Its cajiacity should 
be about 5 litres, and roust be determine accurately. 

The bottle, having been cleaned and dried, Is filled with 
sample air, either by means of a bellows, or other dry method. 
Uoistore is held to invalidate the result. Clear lime-water, 
60 0 . 0 ., is put into the bottle, the stopper is inserted, and 
the lur thoroughly washed with lime-water by means of vigm-- 
ous shaking. The carbonic acid combines with lime and 
forms a raOky preoi]Htate of otrbonate of lime; the loss of 
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’Strength of the Umc* water therefore measures the onaount of 
carbonic acid present. After the bottle has stood at rest for a 
few hours, 30 o.o. of the lime-water is removed for analysiM. 
It is not possible to collect the whole of the 60 o.o., nor would 
there bo any advantage in doing so. 

It only lemains to detemine by means of the oxalic solution 
the amount of limo ]>vcsont in the limo-watcr before and after 
the process, and from the loss to calculate the propoftion of car¬ 
bonic acid in the known volume of sample air. The deter¬ 
mination of the causticity ’* of the limo-water (that is, the 
amount of caustic lime it contains; is made by a simple process 
of alkalimetry. <)xalic solution is dropped from a graduated 
burette into a measured quantity (30 e.c.) of lime-water, until 
the exact point of neutralization is reached. Several *‘indi- 
are available for the recognition of this {Ibint If a 
drop of the lime-water is removed from time to time aa(P 
put upon turmeric paper, it will give a brown stain as long 
at any caustic lime remains unneutralized, but none when 
tho neutralization is complete. A still simpler indication is 
obtained by adding to the limo-water a few drops of a solution 
of ** phenolphthalein,” which is decolorized as soon as all tlie 
limo IS neutralized. 

Example.—The capacity of the bottlo is 4,840 c.c., and 
30 C.C. of lime-water take Tt'spectivoly 38 and 31 c.c. of oxalit; 
solution Wore and after the proceas. 

*lhe vtlume of air is 4,840 c.c.^60 c.c.=:4,780 c.c. Since 
30 C.C lost 7 mg. of lime, tho 60 c.c. emplo}^ lost 14 mg., 
and frgm data already given this corresponds to 14x0-4 = 
G’6 o.c. of carbonic acid. Hence, the sample air contained 
(by volume) 511 parts of carbonic ucidin 4,780 of air, or 117 
per 1,000. 

Corrections must be utade if the temperature deviates 
materially fi-om 32*^ P., or tne l»rometric pressure from 
30 in. of mercury'. One per cent, should be added to the 
result for eveiy 6® above 32^ F. If the l^rometric reading 
30 

is n, the result must be multiplied by —. Thus, if in the 

above example the temperature were 72^ F., and the pressure 
29-2 in, the corrections would be as follows 
108 30 

I'17 X — 1'3 parts of carbonic acid per 1,000. 

iw 4tV*« 

(2) Haldane** A method has been devieed 

Haldane for determining COu without using collecting jart, 
elo. He adapts a gas analysis apparatus consisting of a . 
burette iHth a idde ungradusted portion and a narrow portion 
graduated in diitekms of fykrr of the capamty of tht 
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liureUo. *Thii is onclosed in a water jacket, and a oontrul tuW 
is used to correct for variations of temperature, ^e pressures 
under which the readings are made are found to be the same, 
before and after absorption, by measuring the level of the 
potash solution in thu naiTow tube. The graduated biut'tte 
allows of 25 C.C. of air to bo admitted for examination. 
The amount of air having been collected, the 00., is sbeorlM^ 
in the caunic potash solution. After complete abstraction of 
CX), the volume of the air is again roua off at the samu 
temperatnre and pressure. Ihe diffei'onco between the two 
mdiogs gives the rosult in volumes of 00^ per 10,000 of air 
(3) Angm Smith't muimlrtc wetAotf or hoimhold'* teut. 
—A certain amount of carbonic acid is neinlod in order to 
produce a ^oud in a given Toliime of lime-water. The volume 
of lime*wuftr being constant, the volume of air necessary to 
^ve a visible precipitate affords a simple inverse measure of 
the carbonic acid it (^ntaiD8.s Half an ounco of clear lime* 
water is placed in each of a series of stoppered bottle of 
different sizes, and well shaken. I ht* tmallett bottle which shows 
any cloudiness indicates the pro{>oi'ticn of carbonic acid present 
ill the sample air, according to the following empirical scale :— 


in a) 
.• ..r J 


3.^0) 

•.w» 

i'l'S 


V>-i 

128 

100 


r.R. i«i>aclty inUicsteB the ( {nrtn CO« 

prefiPTtee «'f at leant > ” ^ '< jter l,0t)0? 



OS 



0*0 



0-7 

,, 


(»•» 



»•» 



1-0 

I-i 



io 

,, 


Adopting O’d por 1,000 as the permissible limit of carbonic 
acid, there should bo no precipitate when half an ounce of lime* 
water is shaken in a bottle of 300 c.c. or 10'^ oz. cap^ity, 
'Fhe method is not very satisfactory or acenrate. 

4. Carbonic oxide may he determined quantitatively by 
endiometry, or by exposing a measured volume of air to a 
solution cuprous chloride, which absorbs this gas. The 
ioM in imlunie shows the amount of carbonic oxide present. 
On passing CO through palladium chloride solntion a black 
prempitate of carbon is formed or through iodic acid, when 
iodine it liberated. Its presence may also be determined by 
Vogel*s blood'test with the spectroscope. A csged moose a 
affected in U minutes by air containing 0*4 per omit, of 
tiliis may M used as a senritive test (Haldant). 
d. OxyBnti is determined quantiMivelv by expothw a 
mtasnred vmume of air to a solution of alkaline potassnim 
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pyrogaliate, which abaorbi the oxygen. The analysis may be 
conveniently made in a graduaioa glass tube inverted over a 
merourial trough; the tube having been Ailed with air» the 
pyrogallate solution is passed up into it tbroufrh the mercury. 
All the readings must 1^ taken at the same pi'cssure. Oxygen 
may also be determined by a Hempel burette and pipette, 
using phosphorus as the absorbent: or by tests showing its 
power ot supporting comoustion. 

6. Ozone is dotectiNl by its action upon potassium iodide. 
Strips of porous piper are stooped in a solntiun containing 
starch and potassium iodide, and then dried. These are exposed 
for 0 deHnito period to the air, caro being taken to exclude 
sun and rain. Ozone causes a blue tint, the intensity of which 
is taken as indicating the amount of ozone, aci^rding to a 
standard scale of tints;* the ozone liberates iodine from 
gie potas'iium iodidu, and the iodido strikes a blue coloiilr 
with the starch. Neutral litmus and pure potassium iodide 
may also be used. This paper is coloured blue at once 
bv air containing jtvSsTi ^ts weight of ozono, and slightly 
blue by from 0*0002 to 0*0003 mg. of ozono. Wurstors 
reagent (totramcthyl'paraphnnylene-diamine) may be similarly 

UBOU. 

7. Ammonia may be collected by aspirating a known 
volume of air through distilled water, and then detei'mined 
(quantitatively as well as qualitatively) by Nesslerizing (p. 81). 

8. Nitrogen is detenuined with sufficient accuracy as the 
residue left when oxygen is rem'oved by pyrogallate solution. 
The proportions of other gases aro so small that their retention 
does not matqyially aSect the determination of nitr<^en. 

0. Water* or rather aqueous vapour in air, may be 
measured by tho hygrometer, by the spectroscope, or volu- 
metrically by its al^rption fgilphuric acid, chloride of 
calcium, etc. 

It may be necessary occasionally to for stilphuretted 
hydrogoD, or for ininorm acids due to chemical manu&oturing 
processes. The former is detected by ox^lng strips of porous 
paper moistened with a solution of lead acetate, and noting 
the black colour due to formation of lead sulphide. Free, 
mineral acids will redden moist blue litmus paper; and may ho 
obtained for chemical analysis by aspimting the air through 
distilled water or solution of caustic potash. 

* For several reMona this test h held to be inexact. The chief ars» 
(1) that ehlnrine and nitrogen tetruxide, as well an otono, giro the re* 
action; (S) that the oonditions of exposure are not uniform—light, wind, 
humidity, and temperature sU vary, and all affect the reaction: and ft) 
that some of the liberate 1 iodine is volatilised, and fonts reacts s^n 
upon the poisih tg form Inert Iodide and lodate. 
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METEOROLOGY 

The piincipal climatic phenomena i(‘quiring ays- 
teinatic record are the te!ii|x?rsiturc of the air, atmos¬ 
pheric humidity, atmospiieric pressure, movements of 
the air, rainfall and climate. 

1. Tentporatiirc varies constantly in regard 
hofli to space and tim(‘, so that the reading at any one 
lime or in any one place has only a limited signifi¬ 
cance. Maximum and minimum registering thermo- 
ineters are? required for systematic r<‘cord. 

The HU(.cimitin thernuimeter has a miTcurial cuhimn, a 
detached portion of which serves as an index, being either 
permanently sojArated from tin* rest by a minut«‘ Imbblo of air 
(Phillips], or else detached iifivsh each time by means of a 
i-onstriction nwir the bulb (Negrctti), which allows the 
expanding mercury to pass, but renders the cohesion of the 
metal insufiiciont to draw it Imck upon cooling. The ther¬ 
mometer Is kept hori/ontal, and the index is shaken.back after 
<‘ach reading, ready for a new observation. 

The vunimnm thermometer (Rutherford’s) contains coloured 
alcohol, 'fhe index is a little rod included in the column, 
and is drawn b:ick by capil&ry attraction as the column 
contrticts, but allows the alcohol to flow past it when er.panding. 
To sot the instrument, it is only necessary partially to invert 
it, and let the index fall to the top of the spirit column. It is 
then replaced in the hoiixontal position. 

If the instruments arc read once daily, say at 
‘LO a.m., they indicate respectively the highest and 
lowest temperatures attaint during the previous 24 
hours, irrespective of the time of occurrence. 

Two sets of instruments are used, one for 
“ sliade” temperatures, i.e. the temperature of the air 
itself, the other for “radiation” temperatures with 

0 17 
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fr«e exposure to the sun.* Thus are obtained, for 
each day, shade inaxiniuni, shade minimum, sun 
nmximum, grass minimum; and from these may be 
recorded the daily, weekly, monthly, or yearly ranges, 
both in shade and with free radiation. 

The mean temperature of thi; day is atlcnlated— 
(fi) I!y taking the mean of the maximum and 
minimum recorded temperatures. This is correct only 
in winter; at midsummer it is often more than 2° too 
high. 

(/<) By taking the mean of two readings at twelve- 
lipur intervals : c.g. 9.0 a.m. and 9.0 p.m. * 

(c) By using the Kaentz-Lloyd formula; Min. + 
(max.—min.) x O U = mean temperature. 

(il) By taking hourly readings, or a continuous 
record, by means of (diotography. The mean of these 
is the true mean temperature of the day. 

Tlie weekly, monthly, and annual means are the 
averages of the daily means. Taking the average of a 
nnmber of years, the daily minimum occurs at about 
4.0 a.fii., the maximum at 2.0 p.m. The annual 
ext^mes are in July and .January respectively. 

Temperature is interohange<l by conduction (as 
in soils), convection (in fluids), or radiation (solar or 
terrestrial). Proximity to the sea lessens the range 
of temperature and niodfi-ates its extremes. Eleva¬ 
tion lowers the temperature, by facilitating radiation. 
The influence of latitude, of winds and ocean cur¬ 
rents, and of aspect and exposure, is obviona Some 
soils are “hot”—dry sands and hard rooks, for 
example—while moist clayey soils are “cold.” A 
surface covered with vegetation radiates much more 
rapidly than bare earth; at night a grass field is colder 

* The foniier are planotl In a louvred wooden box. 4 ft. above the 

f iround. The "sun-maximum" or "solar-radiation’' tnormometer also 
s pi&oetl 4<l. alJOve the ground; it lias a blackened bulb, which is eii- 
eioMd ill a second glass bulb exliaustod of air. The ^irresponding 
minimum Inslruamnt it supjKirtcd upon a little wooden MimnI, close to 
the'ground. 



TBMPEBATUBE 


19 


n] 

than a roa<i. The radiation thermometers are affected 
principally by the degree of sunshine and the humidity 
of the atmosphere.* Equality of temperature is de¬ 
noted on maps by means of isothernuil lines, which 
broadly follow an east-and-west course. The moan tem- 
peratuns of»Plymouth is .51 ’4° F., of London oO t" F., 
of Kilinburgli 47 1" F., and of AlK'rdeen 40 4° F. 



1 Nitnni' - 7A-.BK'' 
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Fig. i.—Campbell’Stokes' sunshiae recorder. 

Barth temperature —tjjat is, the temperature 
of the soil at fixed depths—is more uniform and less 
diurnally variable than atmospheric temperature. 

* The (liiratioM and int«nHity nf aie recorded by CaiiipbnU- 

Stokes’ or Jordan’s apparstns. The former (Fig. 1) conHiats of a glsKs 
sphere, which acts as a lens, an<l brings the mys 1i< a focus at succeKsive 
Iiointa upon a cnr%'C(I sheet of paper placed at the right diataiice. A barut 
track la Qim described for such time as bright snnshiiit' continues. Jordan's 
sunshine teoorder is a small iiat circular uox. The sunsliino Is admitted 
tlirougli a allt, and iinjiiuges upon sensitised iwpcr, leaving a varying 
photc^phtc rt'cord of its duration and intensity. In either appamtus 
the papers must be renewed daily, and in the latter the sonaiMzM paper 
iniiai be lixetl" bv immersing it in water. Itoluit arc lines denoting 
equal df^roes of brlgnt sunshine. The average number of houin of bright 
sunshine to the British Islands is about 1,400 |)er anuum; to mld>Burope, 
1,800; to Italy, 2,S00; and in Spain, about 3,0<X>. lannejAa are lines 
denoting eqnal ckxidiness. 
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According to Ballard, when the temperature at 4 ft. 
reaches 0(i" E., infantile diarrhoea may be expected 
to become epidemic. Earth temperature, which is 
measureol by Symonds’ earth thermometer, varies 
hut little, proportionately, from surface temperature, 
except that it is much more sluggish in»variatiou. 
At 21 ft. of depth, however, it is almost the reverse 
of surface temperature, being highest in winter and 
lowest in summer (Forlios). Below 40 ft. there is 
little annual variation in the temperatuie of the .soil. 

2. AtinoaplirrU' lininidity involves rather 
coaiplex considerations. Water evaporates into dry 
air, as into a vacuum, but the volume of the resulting 
moist air is greater than that of the original dry air. 
For example, a cubic f(»t of dry air at 60° F. weighs 
536 ;i gr., and is capable of taking up 5'77 gr. of 
water; the product, however, is not 1 cubic foot of 
moist air, weighing .5421 gr., but 1 0176 cubic foot, and 
a cubic foot of the same moist ah' weighs only 532'7 
gr. At 32° F. a cubic foot of dry air can take up only 
213 gr.'of water ; at 80° F. 'it can take up 10-98 gi-. 
Furtjier, the capacity for moisture inci-eases with the 
temperature, but much more rapidly. 

Indeed, it may almost be said that, comparing 
temperatures which increase [n arithmetic progres¬ 
sion, the capacity of dry ait- for moisture at those tern 
pcraturcs increases in geometric progression. Taking 
0° F. as a starting-point, the capacity for moisture (in 
other words, the weight of a cubic foot of aqueous 
vapour) doubles with successive increments of tem¬ 
perature, not departing gi-eatly from an arithmetic 
-leries. 


Tenipftmture (P.) 

Weight of a cubic 
of VHUOur 

0 55 gr. 


W 


:«• 

1*21 


4*89 „ 

78* 

8*82 

W 

1T*68 „ 
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As a rule, tlie water pi-eseiit in air is only about 70 or 
75 per cent, of the amount required for saturation, 
but if the air is cooled the same quantity of aqueous 
vapour may suffice to saturate it; and if the coolin^^ 
is carried further some of the water will l)c precipitated 
as mist dt dew. It will be understood, therefore, 
that, however dry the air may be, it always contains 
a certain jjroportion of water, and if cooled to a 
certain temperature will be 
“ saturated" by that moist¬ 
ure; this JenqKJiature is calltnl 
tjie dew-point. “Super-satur¬ 
ated ” air deposits its moisture 
only upon solid surfaces, ami 
this is the cause of mists and 
fogs.* 

Humidity is measured by 
hygrometers of various kinds. 

Datiiell'a (Fig. 2), now rarely 
used, consista of two dopondoitt 
glass bulbs, conncctod by a tula) 
bent twieo at right angles. Ono 
bulb is of black glass, and con¬ 
tains a thormometer, tho stem of 
which is visible in tho tube above; 
tho other bulb is covered willi 
linen. Both bulbs contain ether, 
on the linen coating, and by its evaporation lowers the tem¬ 
perature of that bulb, so that ether distils over from the 
blackened bulb. Ihis causes the temperature of the latter to 
fall; os soon as it sinks to the dew-point the black suiifaco is 

• U formed by the condensation of watery vapour on diwt 
parciclcM suspended In the air, whioli affin-d “free Kurfuces’' on which 
condensation can occur. Such atmospheric <lust prolwldy t-imslsts of fine 
salt dust from the sea, meteoric dust, condensed gases, cuinbustioii dual, 
and Mrticulate organic am) inor;;anic niatter. Ailkeu hoJds that the 
earth s atmosphere is sreatly polluted with dost, produced by huntan 
agency, rising by heated strata of tlie air, and forming tlie “ free surface " 
for condensation, even tlioiigh the air be not satnrateil. Tim higher the 
hotnidity and the higher the vapour tension, when the air is not saturated, 
toe greater is the amount of moistnru held by the dust patticlcs. Town 
fogs and smoko fogs may be dry, and are largely coustituted of particles of 
uneonsumed carbon. 
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dulled by doposit of atmosplu'ric vap4mr, and thie temperaturo 
in inatuntly read off by meana of tho <rontained thermometer. 

JiiyttauU's ia somowhat similar, but the black bulb is 
replaced by a moi-o sensitive bright Milvcr cup, and the distilla¬ 
tion is brought about more convoniontly and vapidly by means 
of aspiration of air through the other. 

IHnea* (Fig. 3) consists of a plate of black gluCs, covering a 
small chamber (amtaining the bulb of a thermometer. Cold 
water is passed through this chamber until the dew-point is 
reached and the glass becomes dull: the current is then stopped, 
the temperature griidtially i*ise«, and the thermometi'r is read 





at the moment when the cloud disappears. The mean of the 
two readings is taken and the dew-iKurifc thus determined. 

ScHtMurey, which has the advantage of givii^ tho relative 
humidity directly, consists of a human hair, fixed at ono end 
and stretched by a light weight attached to the other. It 
posses round a movable .axifl which carries a finger pointing to 
a graduated arc. live hair, which must be uninjured and free 
from oil, elongates with moiaturo and contracte as it becomes 
dry; and in m doing rotatos tho axis and the indicator. ITie 
instrument has to be graduated empirically by exposing it flwt 
to porfwtly dry air, and then to air saturated with moisture, 
and making the respective positions of the index tho 0 and 100 
points upon the graduated scale. 
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TLe toe< and dry bulb hygrometer (Kig. 4) is usually 
employeil. Two ordinary thermometeni are fixed sid(^ 
by side, one of them having its bulb covered with 
muslin, kept wet with distilled water; a tail of the 
muslin dips r- - 
into a vftiscl 
of water so as 
to make good 
the loss by 
e vapo ration. 

Tf the air is 
saturated with 
moisture, no 
evaporation 
takes ptace,aiul 
the two ther¬ 
mometers give 
the same read¬ 
ing. ff it is 
not saturated, 
evaporation 
lowers the tem- 
jierature of the 
wet bvilh. 

From the 
wet and dry 
bulb readings W^- j ^ - 

the dmo-pf>U ^ I 

can be calcu- hydrometer. ||f 

lateii, aud from : 

the dew-point 

the weight of water present in the air. The dew¬ 
point is determined by calculation,* or, move con- 

• By ttiB use o( Aiyoli'*'!* tViiiuIa, /" where! wmI I' um 

JJw dry juid wet biilh rowiatgM re>ii»Bctivuly, /' dwtlc 

•ofwapondlag to!' (an aseeruined Oom a 

tesaloD^vapoor At tlie dew-polnl. Uavintf thua 

tfcf temperature corfe»l>on'tii»g to Jt In a table ^ lenriona If the dew-point, 
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venieiitly, by reference to Glaisher'b Tables,* in whicli 
tho results are given for all ojiiiimry values of l}Oth 
rea<Uiigs. The view point being known, the next step 
is to iiiicl the relative humidity of the air, which is that 
proportion of the total possible amount of aqueous 
vapour which the atmosphere at a given tempera¬ 
ture actually holds. This is always expressed as 
the percentage of total saturation. For this purj) 08 C 
reference is made to Jiygromctric tables, giving the 
weight of a cubic foot of vapour at each temperature; 
and the relative humidity = 


_wf lyht of c ubic ?a pour at: th e dew -poittl. 

weiglit (ff cubic foot of vai>o«r at dry-bulb U-iii|icrRtiuc 


I0«, 


since thtt numerator is tlie weight actually present, 
and the denominator the weight which is required 
for complote saturation at the dry-bulb tempera¬ 
ture. 

In practice none of these calculations is neces¬ 
sary, since (JIaisher’s Tables give the i-elative humidity 
corresponding to all ordinary readings of the wet 
and dry bulb thermometers. This is by far the most 
impSrtant hygrometric datum, the alisolute weight 
or tension ef vapour present, and even tho dew-point, 
being of minor inteiest. The I’elative humidity is an 
inverse measure of tho <iryii?g effect of air. The 
capacity for taking up moisture increases with the 
temperature, but far more rapidly, so that the mere 
difference between the dew-point and the air tempera¬ 
ture is no criterion of the humidity. 

Aqueous vapour intercepts some of the sun’s lu¬ 
minous rays, and very greatly impedes the radiation 
of noil-luminous lays from the surface of the earth 
into s(iace. Hence the difference between the sun- 


• Basetl upOH the * Greenwich Factors,” or “ Gltiriier's Factors,” a 
different fhetor boiii{; t innloyed for each temperature. If D is the fiictor 
corresponding toilie dry Imlb tempersture, the dew-point Is f - D (< - f). 
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maximum and graH^-miniinum temperatures is uhieAy 
dopeiidout upon lliu humidity. The intensity of 
radiation at liigh aititudi'S is largely due to the 
absence of aqueous vapour. 

Humidity comes into question also in connexion 
with ventiilation, the aim being to keep the air of 
rooms as near as practicable to the accepted optimuiUy 
namely. 70 per cent, of saturation. Ifence in heating 
by convection it is desirable to moisten the air, and 
for certain trade processes in which air is steamed 
limits of relative humidity are imposed by law. 

Evap(fration from moist surfaces is allccted by 
file tempemture of the water, the temperature of the 
air, the Imraidity of the air, and the wind. It is more 
rapid from moist soil than from water; and deep- 
rooted crops, such as wheat, dry the soil to a greater 
depth than grass. No satisfactory instrument (atmo- 
mter) has been devised for mea.suring evajxu’ation, 
owing to the dilKcuIty of excluding rainfall while 
allowing free exposure. A rough estimate may lie 
obtained by exposing a measured volume of water in 
an open dish of known area, and deducting from 
the tinal measurement the ascertained rainfall. * The 
atraometer may be screened from min by a cover, 
which necessarily lessens evaporation, or an index 
evaporation gauge (Negrekti) may he used. Symons 
found that, at l^ea Bridge, the mean annual evapoi-a- 
tion per square inch of water-surface was 21 in., the 
rainfall being 25 in. In exceptionally dry years it 
exceeds the minfall. 

3. Atmospheric pressure is exerted equally 
in all dii’ections at the same level (141b. to thesq. in. 
at sea-level), but on account of the compressibility 
of gaseous bodies the lower levels of a high column 
are denser than the higher. Air-pressure is measured 
by barometers. Mercurial barometers consist essen¬ 
tially of a glass tube some 33 in. long filled with mer> 
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cury, and then inverted over a mercurial trongli. The 
tube being vertical, the mercury sinks until the column 
is of just suHiciciit height to balance the atmospheric 
pressure acting uimn the free surface of the mercury 
ill the trough. The vertical distance between the 
two mercurial surfaces exactly measures tile pressure 
of the atmosphere in terms of mercury. The level 



Fi|.5.--Si- Fi|. A-Wheel. 

phon buro* baromerer. 


meter. 

of the top of tiic column is i*ead otl' against a tixetl 
scale, but as the level of the mercury in the cistern 
also changes sliglitly with every change of pressure, 
it is necessary to take this into account 

In Fortin’s barometer the cistern has a leather bottom, 
which can raised or lowered by means of a fine screw until 
the surface just touches a fixed ivory point. After adjust* 
ment of Uio cistern to a constant stan^rd level, the upper level 
it read upon a soile marked upon Jhe casing of the iim. 
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In the Kew barometer tho necessity for the adjustment is 
obviated by graduating the scale in nominal inches, which nre 
shorter than true inches, and exactly cor¬ 
respond to the displacement caused by a 
change of prossuro to tho extent i>f I iji. 
of mercury. A single reading therefore 
gives the frue vertical height of the 
eulumn. 

In the siphon barometer (Fig. 5) the 
cisteni is dispimsed with, and tho tube is 
tif U shape, one arm being shfirt and open 
at the end. Both levels are read upon 
a Hcale. The movement in either arm is 
little iiiore*than half that occurring in a 
oiatern barometer. 

Tho ordinary whiajhlKiroineter (Fig. 0) 
is a siphon bHr4)metor, the movements 
l)oiQg transmitted by a string from u 
float upon the mercury in the open tube 
to an axis whioh carries a lung finger like 
that of a clock. 

_ Greater accuracy in the reading is ob¬ 
tained by the use of the “vernier,” a 
small movable scale which slides upoik 
the principal scale (Fig. 7). If the baro¬ 
meter is graduated to ^’o**^* divisions the 
vernier can be so graduated that 2.‘> of 
its divisions correspond to 24 of tho«3 upon 
the other scale, and each division is there¬ 
fore only of the length of tho stand¬ 
ard divisions. With sub-graduation the 
vernier will show differences of of -A, 
i.o. 0*002, or in. When a reading is 
to bo taken, the lowest mark on the vernier 
is accurately adjusted against the top 
ol tho mercurial column. If this level 
exactly corresponds with one of the 
divisions of the principal scale, tho ver¬ 
nier correction is not needed; its lowMt 
















- 
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Fl|, 7.—BaroaMter 
•Gsle and ver.Bicr. 
thowi^ a raidiflkS 

— 29*886 inobaa. 


mark will coincide with the mark on the scale. If, however, 
tho lavol of the mercury does not exactly outneide with a 
scale division, the vernier helps us to measure more accurately 
than it otherwise possible the fractional excess over the next 
diriaion below. For this purpose wo must follow the vernier 
teale upwards until we come to a mark upon it which corre- 
•pondt more cl<»ely than any other to one on the fixed salle; 
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calling this the xth mark, the correct reading is 0-0(2 X -v in. 
above the ecalo mark next below the mercury level. For 
example, the mercury stands above 20 -Sr), but below 29-00, as 
road on the iixod scale, and u})on inspection it is found 
that the sixth vernier division corresponds with a division of 
the fixed sculu. This shows that the fractional excess above 
29*85 is (> X 0-002, or 0*012 in., airl the trJ*B reading is 
therefore 29*862 in. 1 lad the 20th division of the vernier been 
the one which coincided with a fixed scale mark, the fraction 
would have a ^ator value, 20 X 0-002 = 0*04 in., and the 
barometric rottaing would be 29*89 in. A little consideration 
will make it clear that as compared to scale divisions wo lose 
0*002 in. for every vernitjr division as we follow the marks 
upwards, until wo have lost all the fractional exioss over the 
29-85 mark; and then the murks on the two scales w^ll 
correspond. 

Tiic reading having been accurately taken with 
tlie aid of the vernier, it r(;main« to apply certain 
corrections of error :— 

(1) For '* i»idox error i.e. inaccuracies in the scale. 

(2) For “ capacity "—i.c. for the change in the cistern 
level, unless this is allowed for a.s ah-cady described. PraC' 
ticjilly, this correction is never called foV in good modern 
baromefers. 

(3) For “ capillarity,** which tends to depress the column 
slighfly. 

Tlieisc thiee corruotions are special to each instrument, and 
Kow cortittaites give for each half-inch a correction comprising 
them all. 

(4) For tomperatui-e, whiA affects the mercury, and also 
the brass or other scale. All readings are reduced to 32* F. 
by means of a table giving corrections for each temperature. 

(5) For elevation. It is custumaiy to reduce all readings 
to se-tdevel, i.e. the mean half-tide level at Liverpool. For 
thic pnrpo^ it is necessary to know the exact height of the 
station auil to refer to a table of corrections. Roughly 
spoakiug, the corre<;tion is about 1 in. for every 1,000 ft. 

Owing to the high specific gravity of mercury, 
13-5, a column of about 30 in. in height balances the 
atmospheric pressure, and there is the further advan¬ 
tage tliat the vapour-tension in the Torricellian vacuum 
above the nlercurial column is trifling. The density 



n] ATMOSPHERIC PRESSURE 29 

of mercury, however, renders the range of move¬ 
ment under varying atmospheric pressures small, and 
other liquids have been employed in order to secure 
greater sensitiveness of indication. .Ionian’s glycerin 
barometer is the most important of these; glycerin 
has n specific gravity of I •2fi, and a column of 
27 ft. would aliout balance a mercurial column of 
.30 in. A fall of 1 in. of mercury is represented 
by a fall of 10-7 in. of glycerin, and the latter is 
therefore far more sensitive. Water barometers 
have also been constructed, a column of 34 ft. being 
rejpiired to balance 30 in. of mercury. These instru¬ 
ments are, of course, still more sensitive, and magnify 
the mercurial reading lO fl times; but, in addition to 
the disadvantage of their height, the vapour tension 
in the vacuum is a source of error that varies with 
the temperature. 

Aneroid barometers dispense entirely with liquids, 
and measure the barometric pressure by means of the 
elasticity of metal. A small air-tight metallic box is 
(nearly) exhausted of air, and is so constructed that 
the top is slightly forced in when the atmospheric 
pressure rises, and (aided by a strong spring) comes 
out when the pressure falls. These movements ai-e 
conveyed by levers, etc., to a finger moving upon a 
dial; the dial is graduated empirically by comparison 
with a standard mercurial barometer. 

ITiere are periodic and non-jterujdic variations of 
pressure (due to temperature, vapour, land and sea, 
etc.), but the former are so masked by the latter in 
England )is rarely to be perceptible except in aver¬ 
ages, There is a tendency to a daily curve, with 
a range of about 0 02 in. There are two maxima, 
about 9-10 a.m. and 9-10 p.m.; and two minima, 
about 3-4 a.m. and 3-4 p.m. This slight curve is 
only noticeable in the rare absence of non-periodic 
changes; but in the Tropics the daily range exceeds 
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0-11 in., while in Arctic regions it vanishes. Tlie 
annual curve in England is somewhat iiTegular, but 
has a inaxiinuiii at the end of May, and a mini¬ 
mum at the end of October. It is very different 
in otlicr countries. 

Recording atmospheric-pressure valuation,—If 

the rejulinga of the barometer at any given moment 
at several stations dotted over a wide area, .such as 



Pi|. 8.—Distribution of pretBur« over the North Atltntio. end parte 
of the United Statee and Bur^^» Feb. 27th, 18^. 

(Afirr -dlt^cronujir.) 

£ui‘oj)e, atti recorded upon a map, and lines are drawn 
coniteoting together all the points where the same 
pressure prevails, we obtain a “ synoptic chart,” and 
these lines, or woharst are found to assume, very 
commonly, certain typical forms (Fig. 8). 

(1) CyclomSi formed by concentric isobars, the 
lowest pressure being at the centre. 

(2) Aniicychi\e$i the isobars being roughly con* 
centric, with the highest pressure at the centre. 

(.^) Secondary cyclones, formed by looped concen- 
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Iric i!ol)ars (the circle beiug incomplete, and thus 
failing to form a true cyclone) with lowest piwsure 
in tlie centie. 

(4) \l-alia'pf.d dep-retsiom, with lowest pressure in 
the interior, forming, for example, the angular intervals 
between a^oining anticyclones. 

(!>) IVedpes of high pressure — highest in the 
interior—inserted Udween two adjacent cyclones, .‘ind 
usually pointing to the north. 

(6) 6W» or necks of comparatively low [)rewur« 
between two adjacent anticyclones, like the j»sb or 
“col ” betlveen two Alpine (leaks. 

* j7) Straiyhl iaohm. 

Cyclones, secondary cyclones, V-depressions, and 
wedges, usually travel eastward at the rate of about 
twenty miles per hour, but anticyclones often remain 
stationary for days, weeks, or even months. If the 
direction of the wind at each station is marked upon 
the synoptic chai-t, it will invariably be found that 
it is roughly parallel to the isobars, and that in 
anticyclonic areas (in the northci-n hemisphere) it 
describes a cirele in the same way as the hand of 
a wateh, while in cyclonic areas tliis courae is reveraed.* 
The direction of the wind in these and in all other 
arrangements of isobars conforms to Huy»-Hallot'» 
hjio—that an obseiwer staipling witli his back to the 
wind always has lower pressure to his left, and higher 
pressure to his right. 

The closeness of the isobars, or, in other words, 
the rapidity of change of atmospheric pi’essurc, forms 
the “ barometric gradient,” to which the velocity of the 
wind is directly proportionate. 

4. Atmoapheric movementa and wind.— 
Inequalities of pressure and temperature are the two 
chief causes of atmospheric movements and of wind 

, * The ctiiU’se of tlm viod is not exactly parallel to the UolMr*. The 
wind eroMM the iaobars oblhtnely, and may be daacribed aa blowins 
spinlty Into % eyelone and apirally out of an antleyelcHie. 
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(e.g. land and sea breezes), and, broarlly Hpeaking, con¬ 
trol their direction. Not only the force and velocity 
of atmospheric movements can be inferred from the 
arrangement of the Isobars, but also the kind of 
weather prevailing at each station. The front part of 
an advancing cyclon<> is associated with it€n, strati¬ 
form clouds, uiul moist, heavy atmosphere, while in its 
rear the o|H)Osito conditions prevail, namely, sunshine, 
clear “frcvsli” air, and cumulus clouds. Anticyclones 
aro less intense, more stationary, and cover a wider 
area than cyclones. In front of them ami at the 
ceivtre ans found sunshine, blue sky, haze, little wind, 
keen dry air, and fret; radiation, with great daily 
ttinge of' temperature. 'J’ho W(*ather changes which 
accom|Miny secondary cyclones or V-depressions are 
the same as those of oy<‘lone.s ; wedges, like anti, 
cyclones, Jiavii Hue weather in front and bad weather 
in their ri^ar. 

All these types aro liable to break up or merge 
into now forms at any time, but it is often possibhi 
to “forecast” the wejvther in any given locality by 
leanmig from thf? synoi)tic chaHs the direction and 
velocity of cyclones appi‘oaehing from the west. 
Cyclones are often diverted from their eourst^ by 
meeting a coast lino or mounti\jn cliain, or even an 
anticyclone; their course i§ not nect^ssarily straight, 
nor their velocity by any means uniform. Lastly, 
their intensity—as measiu*e<l by the steepness of the 
barometric gradient and consequent wind-velocity— 
may also change. 

Cyclones are much morn numerous than anti¬ 
cyclones. The centre of depression usually passes to 
the north of Britain, and hence it is more common 
for the wind to “veer” (or “go with the sun”) 
than to “back.” It is only necessary to imagine u 
watch (with its hand moving in the reversed 
direction) passing over a given point upon a map, to 
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undei’stand the successive changes in the direction of 
the wind at that point during the passage of a cyclone. 

Wind may he measured, by as re¬ 

gards either its pressure or its velocity. 

Hooke's ^omometer is a thin rectangular plate of iron, 
suspoitded from its upper edge, and set at right angles to the 
wind, The force of the wind is measured by the angular dis¬ 
placement of the plate. A pencil contieoted with the plate 
i-ecords ii])on a chart moved by clockwork the displacement. 



In Osier’s anemometer the principle is Uie same, but the 
weights are replaced by a spring, 

rresaure anemometers (Dines) have the ^vantage of re¬ 
cording gusts and sudden changes in wind-pressuro. So &r os 
velocity and pressure are comparable, it may be said that the 
pressure varies as the square of the velocity. If vssthe 
velooify in miles per hour, and p »the pressure in pounds 
per square foot, then, accoi^ng to^James, 

V* = 200 p. 

Robimson’s is the only one in common use. It 
consists o{ lour light arms rotating in a horisontal 
plane around an axis, through wHich their move- 

D 
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ments are traasinittwl to a series of recoidiiig dials. 
Each arm 1ms at its extremity a hemisplierical 
cup, facing horizontally ut right angles to the arm. 
Ill wliatever direction the wind blows, the vanes 
revolve, the reHultjint press«ri‘ upon the concave sur¬ 
faces being greater than that upon tin* convex. It 
was formerly heliovcd tlmt tin* <-ups moved wit h one- 
thir«l the velocity of the wind, .anfl the index dials 


f now supplies re- 

which Robinson’s ap- 

self-rocording (Pig. 
D). Casella’s air meter 
or pocket anemomo' 

in mines, and for 
|.i.. ll).-Pnck.l .ne^raeUT. ,„oaSUring thc Vclo- 

city of air-curreiits for ventilation purposes. 

Apart fi'oni the uncertainty as to the true value* of 
the readings of each instrument, the i^econls of dif¬ 
ferent stations are not strictly comparable, since in- 
o()ualities in elevation and in shelter from the wind 


are inevitable, and must materially affect the I'esiilts. 
Tlie {wsition of the anomometor should he such as 


to secure the fullest |K)ssible exposure to wind from 
all quartei^. 
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1'lni avtM*.age vrlocity of win(] in (li’ftat Brittvin 
shows a daily inaxiniuni and niiiiinuini olost'ly '‘orre- 
spoiiding {o tlioso of toni|M*ratnr<‘, ahout *i p.ni. juhI 
1 a.n>. Tho ainmal curve of average* wiiul-velocitv 
has a ma.xiinuni in July and a minimum in Decomhor 
or January* 

in Jlmn/tirt's tu'uh' the force of the wiml is statctl 
hy arbitrary nmuhers, ranging from 0 (culm) to 12 
(hurricane). 


Mill-)* iior limit'. 
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Culm .... 
laglit air . . . 
Ligiit bifi'Zf. . 
<ientlc iM'fitze . 
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Wlio1(! gall* . . 
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Jn Kngland tint velocity is, ujioii an average, allbut 
S mile.s jier hour, ami rartdy exceeels tO. Tjbcal winds 
may be caused l)y geogitiphical 
configuration—e.g. sea coa|t8, 
high mountains, and otlier leas 
well-defined ftietors. Tn nor¬ 
mal conditions a wind blows 
at noon from sea to land, from 
)daina to liills, but at sunsi^t 
the directions ai*o reversed. 

Winds increasf? in force with 
elevation. A “wind-rose” 

(Fig. 11) is a scheme showing 
the relative proportions of wind-observations from 
each point of the coin[fass. 
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5. Rainfall in measured by a rain-gau^ (Figs. 
12} 13), consisting of a funnel leading to a bottle or 
otlier receiver. The funnel has a sharp, circular rim, 
usually i) in. or 8 in. in diameter, and its area in square 
inches is accurately known. The water collected in the 
receiver is measured in a gra<Uiatcd glais vessel, the 
divisions of which corrc.spond to the fractions of an 

inch of rainfall. It 
is found that the 
amount collected 
is greatest at the 
- grouifdlevel. Care 

'"‘i must be ta*ken 

I to place the rim 

{ of the gauge per¬ 

fectly level and 
" * to select an open 

site. “No object 
ought to subtend 

I a greater angle 

with the horizon 
than 20° in any 
direction from the 
gauge ” 

_ —Snow and hail 

Fi... 12. ““y 

meaffirement by 

adding a known volume of warm water, which must 
be deducted from the total. A recording rain - 
gauge, which registers on a chart both the rainfall 
and the time at which it occurred, is shown in 
Fig. 14. 

As regards the daily curve of average rainfall 


there are indications of three maxima, the principal 
of which occurs about 2 or 3 p.m. The annual curve 
varies with locality. In London and on the east 
coast of England the principal maximum is in Octo- 
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her, and the minimum in February or March; but 
on the west coast January is tlie wettest month. 

The average annual rainfall varies from about 
20 in. on the east coast of England to 60 or 80 in. 
on the west coast of Ireland and Scotland; and 
at Seathwaite, in Cumberland, it averaged 154 in. 



Fi|. 14.—Recording i^in^gange. 

Tlie duirt (loft) sltows l iu. of rftiii for itii entire deplli; tb« peu be> 
Kins its mark at the lop oftbe chart and moves downwards as the 
rain Adis. The chart is divided into parts, and the exact araonut 
of rain and the exact time of its fall are recorded. 

during six years. The average for England is about 
25 in. The rainfall does not often exceed an ineh 
in one day in Great Britain, but excessive quantities 
are recorded occasionally. It is greatest on the 
westward slope of English mountains, owing to the 
humid westerly winds depositing moisture as soon 
as they are forced to ascend into colder strata. 
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It must l>o reinoinbcrod that rainfall bv its conden* 
satioii from vapour into liquid form jfivos out latent 
heat. 

6. <-liiiiul4‘ is the condition of a country in relation 
to certain physical conditions and olcnM^jits, viewed 
as to tlndr etfeets upon animal or vegetable lif^^ 
These comlitions are (»t) distance from the equator, 
or latitude; (ft) ndative distribution of land and 
water; (c) altitude; (tO presence of ocean currents; 
(c) rainfall; juid (/’) wind, rro.ximity of mountain 
ranges and their iiiHuencts upon the sl^dter from 
^ind and on tl»e rainfall, soil ami its permeabilH'j 
to moisture, and vegetation, also ex(‘rt an intlmnicf^ 
on climate. The climate of the Jlritish Islands is 
typically marine, being greatly inlluenccd by its 
insular position and the Gulf Stream, which latter 
causes the ‘‘isothermal Hues” of the North Atlantic 
Ocean to run from S.W. to N.K. .Such a climate 
is essentially a toni[u;rate one, free from extrenies 
of hesW, and cold, and yet marked by a high degree 
of atmospheric moisture. Ilheumatism, lung affec- 
tioifs, ami other disease.s directly or indirectly due to 
such climates therefore abound. It is customary to 
divide climates into Warm (tropical and subtropical), 
Temperate, Oohl, Marine, And^lountaiii climates, and 
in each of these «Usease bears some relation to the 
climate. Particularly is this true of tropical or sub¬ 
tropical climates, in which malaria, dysentery, liver 
abscess, chohu'a, yellow fever, and a variety of tropical 
p^irositical diseases find favourable conditions. At 
the same time, inuch can be done by judicious living 
to onablo the individual accustomed to one climate 
to live healthily in another. 



OMAPTKR III 
WATER 

Aiiioiiiit.— It is ‘{(‘ncmlly esttinjit«^(l Llint IVoni 10 
to ir> gallons of water per head per day are? 
requir<Ml fo^* pHi'soiial and <loiiiostie use, 1) to 10 
gallons for nninieipal ]>nrposos and a similar (iimntity 
for trade piocesses, but all tinvsi? items an? liable to 
wide variation. About *J0 l<» 30 gallons per head 
are supplksl in most towns in (Ireat llritain. The 
avmuge daily amount taken in food is about lialf a 
gallon, hut at Ii'ast a [unt of tiu.s is contained in 
solid food. Half a gallon more is used in cooking. 
Parkes suggested as a standai’d in a middle-class 
household b gallons jwr head for domestic washing, 
o for ablutions, including a sponge-bath, 0 for water 
closets, 4 for general Lwiths, and 3 for unavoidi^ble 
waste. 

Sources.— All natural waters arc ultimately 
derived from the rainfall, which in its turn is due 
to distillation umler the influence of the sun’s rays 
from all humid itoHions of the earth’s surface. Part 
of tlie minfall is iigaiii evaporatecl from the surface 
upon which it falls; part flows over the uplands 
and forms rivers and lakes. A tlnrd part sinks 
into the soil, descending thix»ugh Assures or pores, 
until it reaches an impervious formation, and it 
then either finds its way laterally to the sufface 
in the form of springs, or accumulates in the 
porous fitmta ov(*rlyiiig the iinj>ervious layer, wherfj 
it may be reached frouj the surface by wells. It 
has been found that upon sand or gravel surfaces as. 
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much as 90 par cent, or more of the rainfall sinks 
into the ground, as compared with 40 per cent on the 
chalk, and 20 per cent, on limestone, while upon clay 
scarcely any infiltration occurs. For obvious reasons 
the proportion is less in hilly districts, which offer 
greater facilities for surface-flow, and lessvin summer 
than in winter owing to excessive eva|)omtion. The 
sources of water supply are therefore (I) upland sur¬ 
face rain-water, (2) wells and spiings, and (3) river- 
water. 

Bain«water is soft and well aerated, but its ])Urity 
and fitness for drinking or even for wisMng depend 
ifpon the purity of the atmosphere through which*it 
falls. ,Near the coast it often contains traces of 
chlondes and sulphates. Tn inland districts there 
is a marked incroase in the sulphuric acid, ammonia, 
and organic matter, owing to putrefactive processes 
and the combustion of coal. Near towns lain 
may become tudd in reaction, from excess of sul¬ 
phurous and sulphuric acids, and is liable to carry 
down ^nsiderable quantities of tarry and carbon¬ 
aceous matter from the smoky air. It acquires 
front the air not only oxygen, nitrogen, carbonic 
acid, and • ammonia, with a minute amount of 
nitric acid, but also any organic or other impuri¬ 
ties that may be prosei^ if? the air. Ammonia 
is founil in latgost proportion during the early part 
of a shower. A litre of rain contains al>out 25 c.c. 
of gases, namely, 8 c.c. of oxygen, 16*5 c.c. of nitro¬ 
gen, and 0*5 c.a of carbonic acict. Dew and snow¬ 
water have practically the same characters as rain¬ 
water, except that the dissolved gases are in less 
amount in snow-water. The average of 20 years, 
less one-third, gives the amount of rain in the driest 
year, and plus one-third the amount in the wettest 
year. [Hawkdey.) 

Spline and wells.-~The portion of the rain- 
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fall that sinks into the graund becomes heavily 
charged with carbonic acid from the air in the inter¬ 
stices of the soil, and aided by this and by the increas¬ 
ing pressure it dissolves out lime and various mineral 
salts from the strata through which it passes. From 
the superficml strata it also receives organic matter, 
but the tendency of filtmtion through the soil is to 
remove this, or (in the superficial layers, where oxy¬ 
gen is present) oxidize it with formation of nitrates. 
The nature and amount of the mineral matters in 
solution are determinetl by the soluble constituents 
of the varifius strata through which the water has 
pa^d, and the organic impurities are regulated by 
the facilities for pollution in the superficial soil 
and the completeness of purification l)y filtration. 
Hence the water in shallow wells, especially if 
Situated near dwellings or manured lauds, is liable to 
'^contain much organic matter washed from the soil, 
with or without partial oxidation into nitrates or 
nitrites ; and also chlorides, which ii.siially accomiMiny 
organic impurities of sewage origin. In peaty districts 
the water acquires a brown tint d\ic to vegetable 
matter. * 

Accoiding to the depth of the strata from which 
it is derived, the water may be warm, or of the 
mean temperature of the olocality, or varying in 
temperature according to the season. 

RIver-watcr is derived [mrtly from springs, but 
chiefly from that portion of the rainfall which runs 
off the surface. Hence it contains a variety of mineral 
salts in solution, though in less amount than in spring 
or well water. 

All streams are inevitably polluted to a certain 
extent by organic matter. Moorland streams con¬ 
tain peaty matter, sometimes in sufficient quantity 
to produce diarrhoea. Even in rural districts, the 
dramage from mamtred land and farmsteads finds 
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its way to tlie rivor, aiul in timns of lieavy raiu 
much impurity of animal ami Negotablc oi’igin is 
wosIuhI into tin; watt‘rcours<^s. Such slight degrees 
of pollution are not regui'ded as remloring water 
unfit for drinking purposes, especially after filtration. 
Sonu! of the organic matter is oxidized agitation 
and acu’ation, assisted hy nitrifying organisms, or 
rcmov(*d by a(j\mt4o |)lanta, ami the Isicterial con¬ 
tents of river'-water may be mucli reibuasl by natural 
pr()C(‘sse«. example, it lias i»een shown by ex- 

[>erime]»t{il investigation that the mov<*niept of river- 
water, ami its pi'ossure, ex<‘rt such an inlluemje. 
Oxidation, dilution, sedimentation, I he baettU'icidal 
infineJiee of light, ami the antagonism of the fauna 
and flora <»£ a river, also operate in th(^ same way. 
W^hon, howov«‘r, tin* s(‘wagt; of liamlets, villages, and 
towns is p<uired into the river, the ]»ollufion becomes 
more serious, ami the s(*lf-purifying agencies are 
soon overp<nvcrcd. TJiere is no river in the United 
Kingdom long enough to^eficct the complete de¬ 
struction of sowag(^ by oxidatioji alone. Trade 
efHijpnts- for example, refuse from dyeworks, paper- 
mills, uiid^bleachworks—cause even more discoloia 
tion and turbidity than sewage proper. Krom tliese 
combined causes the rivers,in the manufacturing 
districts la'coim* foul, (fiscoloured, and ofi’ensive. 
Things are made woi'se by tluj refuse from slaughter¬ 
houses, solid houseliold refuse, ami even contents of 
privy middens heiug cast into the river. When the 
pollution reaches such a degree as this, the punfica- 
tion by oxidation is insignificant. 

Owing to Iriidc exigencies, A'uhimes of water aro in some 
places impounded, and aro only passed into the stream during 
work hours. When water is i^stiactcd from the head of a 
HtroHin for the sujjply of a town, it is customary to provide 
a ‘^compensation reservoir” in which the storm waters arc 
impimnacd, and whence they con be delivered to supplement 
the remaining flow in the river jn dry weather. As a means 
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uf regulrtlitij; the Ilow tliesc ivscvvoit« ure vjiliiuble : hut Jis, 
fm- tmilc purp4iscs, the dim harge is often made inlerndtleot, 
the lower jitivt of the stream may sitft'er fiom <lolay in tlu- 
delivery of the “eiiminms;itioTi” water, in addition to th*; loRS 
of the water jierinanently ahslnicted from the cliantiel. 

lYlode of Niipply* Thinly poinihiteil districts tire 
dependent upon widls and springs, supplemented by 
rain-water coll(?ctinl and stored. Kighty per cent, of 
the water supply of [jondon is still derive{l from the 
Thames and IjOji, which are polluted rivers, the raw 
water of wl|ich ne<;tls liUration and stoi‘ag(? (or treat- 
im*yt^before use. Many important cities chudve tludr 
supply from natural lakes or artiticial lakes made by 
impounding rescuvoirs ((Jlasgow, K<liuburgli, Man- 
cbestor, Liverp<»ol, IlirmingbaiiJ, «*te.). 

Wells are of three kinds-*(«) shallow or surface 
wells, (b) <lecp wells, (c) artesian wells. Shallow 
wells are tliose winch ai'c .sunk in superliohd hed.s of 
sand or othei- permealde soil, and wliich do Jiot 
pni*forate through an impervious stratum. T’lie depth 
to which it is Jicce-ssury to siiik a well depends upj)n 
the surface conditions as well as tin? arrangtaiieni of 
the strata heueath. Kven “ shallow wells ” may yii’hl 
good water unless <‘X|K)8ed to pollution, as for instance 
hy the proximity of leaking ctmspotds, ashpiu, drains, 
or even dwellings. Water IS'ill u.sually bo found, col¬ 
lected as in a basin, above the first impervious stratum 
of clay, and, as the surface of this subttTranean reser¬ 
voir will vary according to season, the well mu.st lai deep 
enougli to reach its level in times of drought. Such a 
well drains a wide area, and is liable to be })olIuted by 
any impurity of the soil within a considerable radius of 
its mouth; and os the supply is at best subsoil water, 
dip; regard must be bad to the possibility of |K)lIuti<»n 
at comparatively distant points. It should be lined 
with brick and puddled, and the brick lining should l>e 
brought a foot or two a1>ove the ground so as to exclude 
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surface washings (Pig. 15). If the soil is polluted, or if 
the water found is impure or insufficient in quantity, the 
lioring is carried through the first impervious stratum 
to other water-bearing stmta deeper down, and such a 
well is known as a “deep well.” Sometimes, in wells 
which perforate two impervious layers, the water in the 
deeper strata is under sufficient pressure to make it 
ri.se to the surface and overflow, forming an “artesian 
well ” (from Artois, in France) or artificial spring. 
The flow in dense strata being slow, each well ex¬ 
hausts a considerable area, and the yield of water 



16.-*EH«inifflauiio •e«tion •orott • valley, 
a A, Lercl of water In deeper i«rmeai>Ie atmta. 


cannot be greatly increased by multip'o borings. 
Borings in sandstone or limestone give large and 
constant supplies, owing to the enormous accumula¬ 
tions of water they contain, but wells in su])erficiai 
sand or gravel beds, or chalk, often fail in dry seasons 
(Pig. 16). Artesian wells may be of great depth, 
1,600-4,000 ft., and their water is high in tempera¬ 
ture (80-180° F.). The water, though pure, is 
sometimes brackish. Many towns in England derive 
their water supply from artosian wells, which are also 
being much used in Australia. 

Wells derive their water supply from a wide 
catchment area or gathering ground. No habitations, 
farmyards, or sources of pollution should lie permitted 
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witJliu tin* rutolnnoiit aiva. Tln‘ «'Ohi|msitioti of wnloi- 
vjirios, of o<nn’s«\ to flu* soil of tlio «athoriiiK 

ijroiinfl. 

Till; ,n lls (“Al)y- 

siniiui*^ an* convi ni- 
«:nl I'orMiiall ov ti-ni- 
|M)i;irvsupplies. Nnr- 
joiiitc'l iron 
tnlx* (Fig. 17) is 
. ^ ilri veil itilo t liu 
' jfi'ouud, section by 
so«'‘tion, I he lowest 
bieji^ ^)i>intcil ainl 
perforated at the w<i. 
When water is 
reaelu d, 'it enters the 
through the per* 
foralimts and is 
pumped up, if I ho 
jiicssure isin.suthcient 
to bring it t > the sur¬ 
face. 'I'ho av(!rage 
yic'ld is about 7 gJtl- 
lons per minute from 
II ilepth of about 18 ft. 
It' the yield is iiisuHi- 
eient a Tlastein pump 
may bo used. Where 
the water doi^.^ not rise 
to within 2d ft. of the 
surface a deop-well 
pump is necessary. 
*• Abvssinian ** tube 
wells are most suit¬ 
able for gravel, coarse 
FiS. 17. Norton’s tube well. saiid.s, chalk, and 

other porous water- 
liearing strata, and may be driven to any depth up to 160 ft. 
They are not to l>o ixxiotnmended for clays, marls, and fine 
sands, and, of course, they cannot penetrate rock 

There arc two systems of boring wells, by peirnsuwn &Ui\ by 
(ft i/fhijf, and >arions kinds of pumps arc used for raising the 
water (air-lift, lioro-hoh;. thico-thrt»w, hydnuilic rams and 
water wheels, turbines and windmills). 
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fti tlio <*onntr)', and in rortain towiiH wli(*i<* 
the air is free from smoke, the min faJlinjf upon 
tin? roots is eoll<>t;te<l and ston-d in eistta'iis for do¬ 
mestic use. h may, however, he colleeted from jvvx 
otli«‘r natural or ar(iti(aal impervious surface, fts 
softness rendem it valuable for vvaHliinj(, e.spevially 
it the alternative sin>ply is ban], but, owing to sooty 
and other matters a<a|uii’e«l fiiun the air and fr«)m 
the roofs themselves, it is seldom obtained in a state 
oi sullieient )>urity for drinking purpos(*s. U lias 
been estimatK'd that on tlie average only about 
two galloifti pf*r head /»'r diiun. eould b(? eollect<'<l 
in*thi.s way.* 

If rain is relied upon for more than an auxiliary 
supply, tlie collecting surfaci! and storage capiuuty 
must be regulated by the minimum annual rainfall 
and the longe.st dry season. 

€oll4*4‘lioii Hiid -Water is supplied 

to towns from K'serv oim jdaced at a sufficient height 
to allow of its distriliution by gravitation through 
open or elosKl avpn'ducts, leading to the street mains 
and through them to the service pipes. Pumping 
stotions may b4» ro<piiKite in older to gain this eteva- 
tion, and, if the source of water is of insiifficieiit 
purity, settling tanks and filter lads may also be 
required. When the yieh^ is liable to intermission, 
large stomge capacity in the reservoirs be<'ome8 neces¬ 
sary. Supplementary service leservoirs, fed by the 
main reservoiiii, are often constructKl in elevated parts 
of the town, partly for convenience of ilistribution to 
certain districts, [wrtly in order to supplement the 
aupjdy during the hours of maxiimim demand, and 
so to avoiil the necessity of regulating the calibr<^ 
of the prinei{>al aqueduct by the greatest hourly 

* Tiie«nnna] vi«tii in fouiid byinnltiiilyhiKUi** inches of antiiial raiiifall 
bjr the sqiurslnehhsor sectionalsrvairr the building (not the slant sucface 
of the roof). Tills give* the cubic inches of water per annum, and, inalti- 
pllcfl by d'Oese, th« uutiihar cf (ptUouk. 
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consuKiption, which is double the average hourly 
consimtption. 

If water with a head of H feet flows through 
L feet of pipe D inches in diameter, the discharge W 
in cubic feet per minute will be 


W = 4 72 
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Tlie source of supj)ly may he deep wells, springs, 
lakes, rivers, smaller streams, or artilicial adits from 
gathering grounds. Some of these aougcoa are ini- 
niediatoly dependent upon the rainfall for their 
continuance, so that in planning a water supply it is 
necessary to take into account (i.) the area of the 
gathering ground, (ii.) the minimum annual rainfall, 
(iii.) the longest rainless jteriod, (iv.) the proportion 
of rainfall available for collection, (v.) the storage 
capacity of the i^sorvoirs, and (vi.) the amount of 
water required by the district to be served.* Water 
of the gi’eatest purity is. obtained from deep wells, 
or fi‘ont barren uplands, where the risks of animal 
or^vegetablo pollution are slight. 

Impoi^ndliig reservoirs ai'e constmeted either by 
excavation or embanking, the simplest plan being 
to (»,iTy an embankment across a valley. A lining 
of concrete or clay puddte may bo needed to render 
them water tight. The emlwinkments, necessarily of 
great strength, have a core of clay puddle, and ai-e 
protectetl from disintegration by a covering of grass 
on the outer side and dressed stone on the inner. 

Meaiis ai'e provided of diverting the tributary 
streams along a by-wasli when they become foul in 


* In ittu-h the reservoirs should be Israe enough to hold st leiut 
l&Odsys’ supply, snd mors in dry locsIitiM. if R s mean sminsl rsiarall, 
E s evs|ioraiion(i«gc M), ntid A as acreage ofgathcriiyigruUDd, then the 
mean dally yield lagalious is $2 A (H - 8). lu the drlevt year tbs roinMl 
will la one-hi^r less, m the wettMt one-Imlf mors, tltui the STerage, 
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flood times. The reservoir has an overflow weir, and 
can be emptied for cleansing purposes by means of a 
pijie, controlled by a sluice, leading from its lowest 
j>art. The must im|)ortant points in the provision of 
reservoii-s are—(«) suitability of site, (6) size, (c) suffi¬ 
ciency of wJter supply, (d) amount in gallons to be 
supplied per head per day, (c) the number of days' 
supply to be .stored, and (/) the particular use to which 
the reservoir is to be put, namely, whether it is to be 
a quiescent settling basin or a continuous-flow nettling 
basin, the latter being prefer,able. 

^From tfie reservoirs the water passes to the 
aqueducts by an outlet pipe, which is lient upwards 
at its commencement so as to take the purest water, 
free alike from sediment and flouting matters. The 
aqueduct may be an 0 [>en channel, but usually con¬ 
sists of iron pipes buried two or thi-ec feet in the 
ground as a protection against frost. The pipe lujue- 
duct may lie lined with pitch or other anti-corrosive, 
and, being water-tight, its course is not necessarily 
downwards at all poidts. Moans of access are pro¬ 
vided at short intervals for cleansing purposes; syd 
if its course is undulating, sluices are needpd at the 
lowest iroints for scouring out ddbris, and air vents 
at the summit. 

Distrlbatioa.— Olstrlbtting conduits and mains 

convey the water to all parts of the district, and pass 
beneath the streets. They are similar in construction 
to the main aqueducts, and have “ scouring valves ” at 
all dead ends in order to wash out sedinsent. They 
should be kept as far as possible from the sewers and 
gas maina* Rydi-ants are provided at short intervals 
for use in case of five. 

Service pipes convey water from the street main to 

* Tb«re U dAiiger of iu-«actton if t perforetton cxi»U in • desceading 
plpL niM Mpodaljy a ptdnt of conttiietion, em if tiie tdpa. eon- 
"Uotly foil. 
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the house, and are controlled by means of stop-cocks, 
l^eatl piping is generally used, owing to the many 
1>end.s and joints neede<l in distributing water within 
the hous(i. If, as is soniotiines the case, the water 
is of such (juality as to act upon lead, other materials 
must he em|»h)yed for iloinesiie supplies* 

Constant and intermittent service.— ]ji almost 
all provincial towns, and in most parts of l^ondon, 
the water supply is maiiitiiined constantly, save in 
times of exceptional drought. In sonm districts, liow 
ever, tlu; supply is only afforded for a certain number 
of houi’H in the day; and it boeomes necessary for 
eacli household to stori* a suHicient supply for twAity* 
four houiu, in elevated cisterns. The intermitt<mt 
system, now IxHJOining obsoUde, is attended by )tjanv 
risks and disadvantages, and is only defendfsl on the 
grouiuls that it incurs somewhat less waste, and that 
the substitution of (constant service entails better 
llW-ings. 

On the other hand, house cisterns, which must 
In'? large enough to meet the maximum (not the aver¬ 
age) daily consumptiori, ai-o costly, and arc liable to 
ilfcoine foul ; the water stored in them is stagnant, 
aiul al>sflrbs iinpuritie.s from the air; coal-gas. sewer- 
gases, or liquid lilth are liable to be <lrawn into the 
mains and service-pipcs^vhen empty ; and, apai*t fitnn 
this, tlie alternate contact witli air and water tends 
to corrode the pipes ami promotes the absorption of 
lead. In the event of lire, a house or district under 
the intermittent system ia at great disadvantage. A 
cistern, if any is needed, slionid Im placeil at the top 
of the house, and feil by a supply-pipe conti*olled by 
a ball-cock. It must be lai'ge enough to contain 
afc least a ihiy’s supply and must not directly sup)dy 
the water closet. It may be made of lead, lined with 
piteh or other pmtectivt^ coating, or of galvanized or 
Karlf irenf, or of slate slabs set in cfsment. it should 
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l»o ofl’ectiially fovoi’ftd, l»ut v(*iilihiti^d, nml provided 
wiili an nvorllow (of «iva<(‘r diannMvr than the fiM'tl 
pi|»') diVharjiin'' into the ojmmi air away from any 
smiree of olHiivia. Ki' 0 (jneiit insj>cctioii and oleansin*' 
ai‘<* inTossarv. 

of %«’iifoi‘ may Ito necessary on 
iieeount either of ex<-essiv«- jiardnesH, excess of sjdine 
eonstitu<‘nts, sns}M'nded matters, organic matter in 
solution, or, lastly, on atvount of lialality to specific 
pollution. 

Distillation is \vi<i(dy applicahle, and even sea¬ 
water can utilized in this way. Distilled water 
Inef an uuplwiwint taste, and is said to be indigestible 
from its want of aeiatum. This can la? remedi(‘d by 
<‘Xpo?<ure. to the air in finely divided curn-nts, os, for 
instance, by letting it fall fi^om a sieve, or by.charging 
it with (’O, undei* pro.ssuix*. 

Boiling removes temporary iiardness and destroys 
nderol)(‘.s, and tlieretore specific conbigia. Home of 
the organic- mattcu* is carried down with tlie calcium 
(“sriionate. Moiled water tastes (lat, and, like distilled 
wat<*r, nccsls .-un-ation.’ Lime is thrown dc»w’ii more 
completely if sodium earlmnate Is* added. » 

Chemical processes are for the most part in¬ 
tended to i-emovf! excess of lime. HanI water may 
l)e softened, and at the sam^time d(!prive<l of all sus¬ 
pended matter, organic or mineral, by adding about 
fi grains of alum per gallon. Calcium sulphate and a 
bulky precipitate of aluminium liydmte are formed, 
and carry ilow'u 5UK|x*ndftd matters. If no calcium 
carlmnate is pi'esent, calcium chloride and sodium car- 
lK>nate must be added previously. Perchloride of iron 
(2^ gr. jier gallon) acts similarly. 

Clark's Hard waters may !)« softened 

upon the large scale in n^rvoirs by adding to every 
100,000 gallons of water 6 lb. of freshly burned lime 
for each degree of hanliiess. The lime ami calcium 
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hicarbonato react to form insolublo calcium carbonate, 
and tbia carrier down witii it susixnulod matters. A 
Hiinilarpi'occss may be employed on the domestic scale, 
using lime or washing-soda, or both. The Porter- 
Clark proceHA is a modilication o£ Clark's. Inst^d of 
waiting for a slow subaideuce, which 4akes ten or 
twelve hours, the precipitated calcium carbonate is 
removed rapidly by filtiation throngh cloth, under 
pi’cssure. 

In 100.') the Uncoln water supply (afUjr the 
typhoid epidemic) w.as steriliz^Ml by means of chloros 
(an alkaline solution of hypochlorite containing 10-15 
*por cent, of available chlorine). In 1008 chloride of 
litne was used at Chicago, ami at Aberdeen in 1915 
a threefold scheme was adopted (excess lime treat¬ 
ment, storage for sevtm <lay8, and filtration). The 
soft water of the Dee made it practicable to steriliro) 
in 7 days with 1 Ib. of CaO per 10,000 gallons of 
water. Hypochlorite sterilization of water (1 in 
100,000) has l)een widely used in America in recent 
years* witli excellent results (Houston). 

Filtration aims at stmining off suspended 
iiAtters, and oxidizing dissolved organic substances. 
Mineral ^Its in solution, such as sodic chloride or 
calcic sulphate, are at most only partially removed by 
filtration. As a rule, h^wovV, hardness is lessened, 
together with the nitrites and ammonia. Nitrates 
are increased. 

For domestic filtration a sand filter capable of re- 
moving sa8t>eaded matters and sotno of the organic unpnrity 
may be ooustructud lUio a miniature filter-bed, in an ordinary 
flowor-pot, with or without the addition of a layer of animal 
charoual (6-12 in. of dne, sharp sand, superimposed on an 
inch or two of small gravel). Sponge filters have deservedly 
fallen into disrepiito; they remove suspended matters, but 
become foul and oarbour organisms. Carbon is the oommonest 
of all filtering media; and animal charcoal is believed to have 
a far greater purifying effect than vegetable charecMl. Many 
offioient patfems of filters are made essentially of animal 
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charooHl; uthors depend upon siln^Hted carbon, mangnnona 
carbon, magnetic carbide oi iron, or carforitl '* (charcoal, 
iron, and clay). Maignen’s “Filtro Rnpide” ha» no carbon block, 
Hbt the water is ma<lo to pass through a mixture of powdered 
charcoal and lime [earbo ealeis) B'lpfKuted upon an asbestos 
cloth; like other animal chan^oal filters, it st'ema to hax’e the 
power of rem<^ing lead; and the medium can be renewed 
without difficulty. Hiachof's spongy-iron tlltur, besides re- 



Fig. 18.—LoiiiitBiiintl 
•ection of •inifle 
fkrkcfcld filttr. 


moving the o^anic matter, lessens the hardness, and often 
reduces nitrates to ammonia. A filter may be attached to the 
water tap, as in Fig. IS. 

Ordinary dom^ic filters do not completely remove mi¬ 
crobes, and, indeed, some charcoal filters api>ear to increase 
toe number of bacteria in water passed through toem. This 
is owing to the &ot that chared may add nitrogen and 
phos^iates to water, which are both nutritive substances or 
whioh bacteria flourish, and may absorb impurities frmn too 
air, and thus favour toe growth of organisms in its substance. 
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To romovc all bai-tnria, filtccM of a ililferoat rlasa arc miuii’ed. 
with exci-ssively fino pores through which water can bo foicoil 
luulor pressure, without pormitting mii rolies to pass. Pastour- 
Chamlau-lanJ’s, ctuiipascil of ]>or( elaii» fonnotl by a mixturo of 
kaolia and other elaye, is the host uxamplo of this kind ( Wood- 
hrud^ }!oyi'W‘kx) \ the lltirkofold filter {Pig. IS), somewhat simi¬ 
lar. is made of infusorial earth. If nnieh oi'gante pabulum be 
present in tlie water, or (ho tiltin' bo uHed iiitermittontly, or 
the water forceil through it, even tillers of this kind are not 
proof against tnier(il>es growing through; and periodie stenliz- 
iition hy stciun or hoilijjg is therefore nei-essary.* 

K<*diiiioiitatioii and lilt<^i'*bcdM. Piu-itica- 
ti(>n of water on a largn scale is now Rest secured 
1>y the double jiroci'ss of .sediineutatiun l»y storjige 
atui fihruliot) tlirougli sand. 

Sedimentation takes place in large ri'servoirs 
lajfori' the water is passed on to the Hlter-hed, The 
action of gravity causes su.spendctl matter to fall, carry¬ 
ing down with it miero-urganisms. Aeration and sun- 
ligitt play a part. Houston has pointe<I out that 
storage brings about, not merely mechanical ellects, but 
th(‘ aijsolute e.xtiiictioii of ttfe of inicrohes. “ Kven a 
week’s storage of raw river-water is an enormous pro- 
tdPtion, and less than a month’s storage an apparently 
absolute *|n*otection, against the gcM'ins of typhoid 
fever.*’ 'I'his applies eijually to cholem. Raw riv»>r- 
waU‘r sliould tlierefore s^>red imlecytlenily to til- 
tration, preferably for 30 days. Houston claims that 
stonigo reduces tlie numlKU' of bacteria of all sorts 
(often by Oil per cent.), alters the bacteriological ratio 
of water (l>y i>3ducing }i. coli to a proportionately 
greater exUmt than other water-bacteria), devitalizes 
the microbes of typhoid and cholera, rwluces the 
amount of suspended matter, and has a marked 

■ A ttUev (i*tlirr tti.ui Ui>*clM>r«) aliouM lie emptied froiu liiMc tn lime t«i 
promoUi aeration, ami fciiuireM frtMiueiil clemiHiiig and oecaiiional remtvai 
of the cnrboii or other mcitium. CleauKitig may Iw effected by ncnibbing 
the carbon block, if removable, thru niuuingan acbl Holntion «>f pvtaasJum 
|»orman(ratia(« tnrougli it, folUiwed by copionA woabiuij with wry weak 
uydroehlorie add and Hiwlty wvera gailoiis of wal^^r. 



Ill] FILTRATION 55 

“levelling” effect on water tlclivered to lilter-l)e<l8, 
thus prolonging tlie “ life ’ of the Ix'ds. The uj<} of 
storetl water enables a (‘OuMauf check to Ik; maintained 
on the safety of a water antecedently to, and ine- 
spectively of. filtration. Storage thii.s acts by sedi¬ 
mentation, devitali/jition, and equalization. The only 
.s<?riou.s disadvantagt; of storagt^ is tlie expense of 
constructing reservoirs and of management iiivolved. 

Filtration is usually accessary for the protection of 
a jmblic water-.supply. The “ filt-er-beds ” constructed 
for this puryose are essentially shallow reservoii-s, (5 or 
S fl^ deep, underdrained by jM'rforated or loosely jointed 
pij)es, to rcjich which the water passes downwards 
through successive layers of fine and eoarte sand (2J 
ft.), gravel (A ft,), and l)roken stones and bricks 
(.} ft.), the total thickness being 3A-4 ft. Vents ait' 
(rarriod from the deeper layers to alxivc the surface of 
the water, to allow of the e.scape of the air displaced 
by the water as it first descends. From time to time 
the beds are run dry, for the pnr|)ose of aeration; and 
«>ccasioually they arc cleansed by semping oft'the sedi¬ 
ment and a little of the superficial fine sand, fresh sand 
being added when necessary. Tiie suspended impurities 
ai*c strained oH'by the upper portion of the filter, and 
a certain degree of oxidation of organic matter is 
effected by the aid of nitrifyiftg organisms. Hardness 
is diminished somewhat, and iron is removeii. It has 
been shown that filtration through sand removes 91^to 
9.9 j)er cent, of the microbos present in water (80 per 
cent, of the bacteria removetl W(!re found in the upper 
inch of .sand, and 55 per cent, in the upper quarter- 
inch). If the gelatinous film which forms at the sur¬ 
face of the filter is not disturbed, and if the s(»eed of 
filtration does not excce<l 4 in. {>er hour, practically 
all the microbes are arrested. Tliosc in the effluent 
come from the filter itself, and should not exceed 10(> 
per c.c. {Koch), Franklaiid holds that the efficiency 



56 


WATER 


[chap. 


of sand filtration dependM ii|M>n (a) the 8toi‘»ge capacity 
of the unfiltered watei*, for purposes of subsidence by 
sedimentation; {h) the thickness of fine sand through 
which the filtration is carried on; (<•) rate of filtra¬ 
tion ; and {d) tlie nmewal of the filter-lKHl. It is 
essential that the rate of filtration sholtld be slow, 
about li gallons per square foot per liour being the 
rule in tlic Loinho) waterworks, although in Paris it 
is as inucli as 3^ gallons, in Amsterdam 2|, and in 
Berlin 2. The gelatinous film on the sui^ace of 
the filter is the “vital layer” wJiere the process of 
nitrification and arrest of l»acteria goes*on, and it 
•is there that the filter (‘xerts Its chief eilect. ' It 
may therefore )>o said that sand filtration depcnuls 
upon four processes: first, tlien* is subsidence of the 
grosser pjtrticles of impurity in the settling tank ; 
secondly, thei-c is meclianica) ol>struction to impuri¬ 
ties in the intei'sticcs of the filter ; thirdly, there is 
oxidation of organic nmittu' in the pores of the filter- 
bed ; and fonrfclily, luicro-orgunisuis in the vital layer 
on tlte surface of the filter carry on the process of 
nitrification. The efficacy of tlie filtration can only 
be^neasured by periodical bacteriological and chemi¬ 
cal examinations. The former should include an esti¬ 
mation of tl»e number of bacteria present per c.c. 

Otlier umteiials may pe employed in the construc¬ 
tion of filter-beds, such os magnetic carbide of iron 
covered by a layer of sand to intercept the siuipended 
impurities. Such a filter-bed must 1^ worked dowly 
and intermittently, so as to renew the aeration. Spongy 
iron can l)e used on the lai^e scale, or batteri<» ” of 
Cliamberland’s filters. At Antwerp ” revolving puri¬ 
fiers ” are used—cylinders containing small loose pieces 
of spongy iron, and having many projections from the 
inner surface. Their long axis, upon which they rotate, 
is horizontal oi; inclined, and the surfaces of the iron 
masses insitfe are kept constantly bright and clean by 
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mutuai friction. Water iH passed slowly through the 
cylinders as they I’evolve, and is cx[>osed to the action 
of the constantly fresh iron snrfai’es. Subsequently 
jrtnd filtration is used to remove the imn. iMetal cylin¬ 
ders containing filtering material (known as “scrub 
hers”), polifrite, sand and polarite mixed, etc., have 
also Ijeen usc<l for filtration of water. 

If the source of supply is a river, storm- or flood- 
water should be excludetl. A preliminary purification 
by subsidence-tanks may be beneficial, and floating 
matters maj be excluded by admitting the water from 
the river througli a submerged sluict*. 

Tiik Kxami.vatiox ok Watkr Suppliks 

€oll4*cfioii -The amount re(|uit-ed 

depends upon tin; mode of analysis to he adopted. 
Half a gallon, or 2.1 litros, will suOiet^ for almost ail 
purposes, and this quantity is held by an ordinary 
stoppered “ Winchester quart.” The Ixjttlc is rinsed 
out with a little hydi*och]orie acid, and then with waUjr 
tmtil the rinsings are no long<^r acid. At tlie tiino of 
collection it is again rinsed with sample water, and thwn 
filled up to the neck. The stopper should be tied in. 

In order to obtain a fair 8ami)le, it is well, in the 
case of rivers or ponds, to plUnge the mouth of the 
lx>ttle under the surface of the water, at a distance from 
the margin, so as to exclude scum and debris, care 
l7ciiig taken ttot to stir up any sediment. Tap water 
should be allowed to run for some time before 
sampling, unless it is desired to ascertain the maxi¬ 
mum imparity. 

Accompanying the sample should be a fuU and clear state¬ 
ment of iU source. For, in addition to a cheinical and bac* 
teriolodoal report of a water, there ^ontd also be made a 
etm/ulsxamimtioH the gathering ground. The physical ron- 
flgoration of the garnering gronnd, its subsoil (the occurrence 
or otherwise of peat), its geology, its rainfall, its relation to 
the slopes which it drma the nature of its sui^co, the course 
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of itK feoUinjf rttruains, and the ahsi-nfo or pi-OAonco of vegeta¬ 
tion Kn<l cultiv:iti«'d ureas, of roads, of houses, of farms, of 
human trank, of catUe and sheep -all those points should he 
noted, and their iu/luoma*, diro3t or indirect, upon the water 
carefully Imu’ri- in mind. 

When the sample has hceti duly l olleeted, sealed, and a 
label allixed hearing tlie «lato, time, and conditions of collection, 
and full address, it should he transmittG<l (preferably in an ice¬ 
box) with the least jKigsihle delay to the laboratory, in order 
that the examination may he ma<le immediately. 

I*liy»icul clinnictors. —Water shoiiUl be clear 
and briglit, free froii» turi)i(lity or smell, and have a 
^e.sh, agreeable taste, witliout percoptibU? saline or 
oilier accessory character. 'I'Ih* colour, as seett 
hmkuig «.lo\vn upon a white surface through a o«dumn 
of the water two feet in depth, should be clear, or 
slightly grcaui, or blue; a yellow or lirown tint miscs 
suspicion of organic pijllution. Xatnra! waUra may 
contain in- Hiis/M/sion, particles of animal, vegetable, 
and mineral origin; microlx^s, and other living organ 
isms, animal and vegetable; in solution, gases, 
minentl salts, and soluble organic matter of animal 
and vegetable origin. 

iiinttcrs. —Tiie water should lie 
allowed to*stand for a day in a tall glass, and the sedi¬ 
ment then cxamineil under the microsco|»e.* Particles 
of saml luiveasharp ang^tlar'outline. Knigments of 
chalk and clay arii amorphous, but a drop of acid in- 
trodnee<I lieneath the cover-glass will dissolve chalk, 
leaving clay unaffected. Shreds of cotton or linen are 
ca-sily recognized under the microscoix', and so are 
fragments of leavo.s, woody tibre, and other vegetable 
tissues, if not .so <lecompos<al as to be api>Arently 
structureless. Haii', w<m) 1, fragments of insects, and 
even epitladial s^rales may 1)C fouinl; brown globular 

‘ OitH fonn Ilf sc<Uiiie>il lutiK Uithaiied Uk« a pipi-lto, th«s poiutef 
which tifH a«.t-ui'ately inlo n little tfiaas cup wherein the Aodimeat 
rnllcclM. Fiiialiy a Itui); mi in ihukihI •(own Iho tube ko »» tu atupper il 
fmm the inahif* n tlie tMiiif. The cnii, contAiiiiiia the xedimeQt aou alxtut 
1 C.C. of water, onii then Iw removeti r<iAexHiiiiiiation 
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bodies attributed to sewaj^e containination are some- 
tiiiiea seen in polluted water. 

For the most part suspended niattc'rs can scarcely 
1)6 tlooined injurious : but some of tlmm, <'otton fibres 
for example^may supply important evidence of j)ollu- 
tion by household waste, or even sew.a}j;e. 

Liviiiff ortfniiiMiiiN.—Jthi/opoda, Infusoria, Hy- 
drozoa, Rotifera, Scoleeida, Kutomostracn, and Insecta 
are fouml in water, to;i;etlier with Fuiigi, Al^^‘p, Diato- 
inacea*, and many other organisjns. For the most 
part these ve believed to be harmless in themselves, 
tliCMigh Infusoria (e.g. /^ura»nccf’n/n, and 

Fungi indicate the presence of impurities, and a 
relativ(;ly ]arg(; number or amount of vegetable or 
animal forms of life indicates the proseneci of orgauicr 
pabulum for their sustenance. Aniojig the f)a^^u^ju^s 
that arc Ijclieved to Ixi conveyed by water 
certain tupewoi*ni.s, the guinea-wt>nn, /heintdns dao- 
dcnnlfs, liHhuruti^ and leeches. They may be found 
in tlic adult or embryonic form, or as ova. 

Btli'lorla ill Wiitcr.— In all surhice wafers 
bacteria abound, and they an; often pre.seni in sumUI 
numlxirs in deop-wjdl oi' spring wun:r.s.» Water 
bacteria include micrococci, .spirilla, ami Itaeilli, the 
last being by far the most common gmup. Tlujy 
multiply in water with greift rapidity. If a sample 
of ordinary water be allowed to stand, it will 1)0 
found that in ’J4 hours there has Isieti enormous 
tnultiplication, which continues for three or four days, 
until there may be hundi*eds of thousiuuls or perltaps 
millions of bacteria in a cubh* centimetre ; then, the 
pabulum and volume of water remaining the same, 
thei'O will l)e a dimiiuitioii, until in, say, two or tliree 
months’ time there will be, in all probability, tew or 
none. In a gunemi way it may be said that foul 
waters rich in putrescible animal matter show u very 
rapiil increase of Imctcria; surface waters, sucli as - 
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river water, show a slow and persistent multiplication 
of organisms; whereas doep woll waters and spring 
water show comparatively little increase in con¬ 
tained bacteria. The chi(d‘ conditions affecting 
multiplication of bacteria, with few exceptions, are 
{a) temperature, {h) periwl of time of st&nding, and 
(c) pabulum in the; WHt«*r. 

Number of bacteria In water. —DoeiKwell water 
generally contains but few bacteria (say I-IO) per 
c.o. River water varies in its bacterial content ac¬ 
cording to season (i.e. temperature) and according 
to degree of pollution of tlie river (i.e. orgapic 
pabulum). For the periotl lltOS-lG the raw Thames 
water contained 410 microbes per lOc.c. (bile-salt agar 
test), wluums shred Thames water contained 50 per 
lOc.c. (Houston). FrausniU showed long ago that 
watera differ in bacterial content, as would be ex- 
j)ectc<l, according t<» the locality in the river at 
which examination is made. His investigations were 
made from the Tsar Imfore and after it receives the 
drainage of Munich, with the following results:— 

Abovi) MiiuiHi . W1 IjacU-Ua ih'I-m-.c. 

Ni-ar l)iu%utrHUce uf imiidpul Nciver .. ‘2::7,SiH) „ » 

Thirtvoii kilometreH Iwlow Mimicli .. <>,U1 „ 

Twenty-two „ 4,7P0 „ m 

‘f1iirty-tlir«e ,, „ ^ 2,371? „ i, 

111 this country many similar investigations have 
been made. In 1901 Boyce found in the Severn: 

Two milu abovo Shrewsbury 7,000 bacterin per c.c., Including 18 B. c«>ii. 
Oppoalto ShrewMhiiry .. 13,000 40 .. 

OaemUeaa<laba)flow«r«Iown23,00» „ >• •< 

TwomilM and aliair „ 19,000 „ .. ^ ’• 

Ifloe miles „ 13,000 „ „ .. 4® 

Sixteen mUce „ 5,000 „ •• 80 ., 

From these and many similar records it is evident 
that, in the result, the number of bacteria in river 
water depends upon a v^ety of ciroumstauces. 
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araongat which the most important direct conditions 
are (1) local pollution; (2) natural puriBcatiou; (It) 
season and rainfall; (4) sedimentation and filtra¬ 
tion. Behind those direct conditions we also know 
that time, temperature, sunlight, exposure to air, etc., 
exert more t)r less influence. 

There is no hard aiid-fast rule as to how many 
Inictcria a potable water shouhl contain, as the kind 
of bacteria and the relative abundance of each spe 
eies are more important data than actual numbers. 
Koch, however, has suggested 100 bacteria per e.c. as 
a maxiinuiV number for a properly filtered water. 
Mace proposed a standard of 0-50 per o.c. ns “ very 
pure,” and 50 50O per c.c. as “good water.” Esti¬ 
mations of water based only upon counting “ colonies ” 
of bacteria in plate cultures are of little value, but, 
other things Iming equal and constant, a small number 
of organisms tends to indicate a small degree of 
organic pollution and conditions unfavourable to the 
multiplication of bacteria. Broa<lly, it is true that a 
water containing a large degree of organic matter, the 
pabulum of bacteria, will contain a higher numbe^>f 
bacteria than a water containing a low degree, and 
this, of course, is the scientific reason for quantitative 
estimations. 

Species of bacteria Inewater. —There are three 
chief groups of water bacteria, as'tollows;— 

1. Ordinary teater bacteria, including the fluor¬ 
escent bacilli, liquefying and non-liquefying, many 
of the common chromogenic organisms, and organ¬ 
isms of air and soil. They are of little importance 
unless present in large numbers, and they gwssess 
no pathogenic power. 

2. Setcage bacteria, including B, coli eoinmunu 
and its allies, the Protent family, B. eateritidii tporo- 
gtnu, and certain streptococci and staphylococci. 
The most important member of this group is JS. coli. 
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'Phc important jn)ints oonceniing /». w/; avo itn ditferonti:U 
din^itojiia ii'itni tho typhoid bat:illii!4 and its valtio as uii 
orj?atji«ni of “iMdic*ati"n " iif f.'cral pollution, Thf follow¬ 
ing: chaiiu tors art' now oonimonly rt^litsl upon : 1. Tlio 7’. 
mli jfvoup is inm-spoviii^ and iKm-Iiquofviiuf. 2, 'riti' niom- 
InuH of thu moiip laroly stain hy (irtitn’s method. Tiny 
proiiiM-e iield and ||{iis with l»oth ^diieoso ajni lactose. 4. 
They piiHliioc acid itj inillc, and they usually also cwigulatc 
it. 'I'hey prodiii’c a< id ;iiiil ^ns in hile-salt-irlucose brotln <5. 
They ^row well at a tcmpeiatm-e of Othev fairly 

r«Hahh5 features are nuitility. u .'^mall iiutuhor of (laj?ella, a 
fairly fypi<al jfrowlh on pfitato, and move rapid devt‘io,ini('nt 
on all media tlian the typhoid hacillus. In examiniiipf the 
boiidnn water-supply Houston nse.s what he desorihes as pie- 
^tiiuptivo, eonlinnatory, ami typie.il tests for*//. <'<//». Th<! 
py/Biouptiir test is i{as«MniH lenneutatioii of a hlle-sall-Kh^^ose 
pepbatw iiK'ilintn; thi' fnufiriinitoyii test is llii' isolation of a 
eoli-like microhe forminy; j^as i-itln r in a liut«»8i‘ or f;'lueo>e 
medium ; and the tijp'-nil test i> the isolation of a eoli-like 
inierohe fctvmincr imlol in p'ptinte-wat«‘i’ cultures aiitl 
iu « laelosi' medium (the “ flagioac’’ reaelion). It is alst> 
ilesirihle to lememher the < )iaracleri»lics of the three {fn>uiis 
of Ivieilli rno.si rea«liiy eoufuse<l with the eoli ^’l•oup. These 
with their eharaetevistios .ire ns follows: (a) 'I’he /Vo/ea.r 
ijioup, the meiiiheiH of whii'h an- motile, liipic fy jfelntiu, 
prodiH*!' ifas in ‘rlm-ose and ftieoharose but not iu lactrjse, 
•mrdle and acidulate milk very slowly, atid usually produce 
iadol: (/<) the •;roiip imdudinp^ H. htctU uriuifftncn^ non-motilc 
Kacilli, wlyeh do not liquefy jrelatiji hut which curdle and 
aeidulato milk ami ferment »u{?ar8 otlnw than fflucotks nnd 
(<) the fHti'fii'uits group, eontiiining biicilli which are motile, 
which only fermoul glucose. aud**which do not liquefy gela¬ 
tin or i-u-dle miik, which *is ultimately Vindored alkaline. 
This group imimlos fi. i^tfei'Uidit of IJacrtner, the paracolon 
iiml the jMiratyphoiil hneilli. 

Streptoeoc'cd in water usually denote recent and 
dangeroiis pollution of M’ater with sewaj^^e matter. 
They are ahsfuit front oven large quantities of pure 
wattT and fi-om virgin soils. 

3. I^nfhoiji'idc bm'teria, —Tlic two chief types are 
till' typhoid hacillus and the cholera l)aeillus. As 
a rule pathogenic genua occur in water scantily 
and iuteriiifttently. They gain accesH at the source or 
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i'Hthorin^ ground, in the course or from drninage and 
sewers, or, thirdly, in the home of the coiikuhum*. 

Bacterioioj^lcaf examination of water. — strict 
rloiinliiiess mnsl lx; observe*! in cidloctiJi^ sainjilox for ba* - 
ti‘ri()Hcei>ic exatiiiiinlion. Only Btitrilizod V(‘hm.1.s or IIuhIcm tituxt 
l»c used (by to loil^ C. for 2 hoiirw). and «’iont care 

must 1 m‘ tak*-n in juanipulation at time of collecting tbcHam]d<- 
in order to avoid the nmulbst degivo of external pollution, 
'rhe object of bactoriologiml oxaniinalion of water is foiirfol<l. 
(n\ The average number of microbes per c.c. on a medium in* 
c'ubjited at room tempciutui-e (2<t-22‘' (‘.): {!^) a* an'h for It. roli 
and itx identification in 0*1, 10, and 10 c.c.; {r) onumemlimi 
of lijict*‘ria CJtiJable of growing at bloo l-heat {tii 

nenreh for Jfnd determination of special microbes. Small 
quantities «>f the water to b« examined (Od, 0-2, or 0-3 c.v.) aro 
aidtsl to tubes of sterile liquefied gelatin, which are tlnm 
|ionr«?d into .sterilized IVtri di.she.H. The gelatin solidifies, and 
lh<! plates are incubated at 2f' 22*^ and examined day by 
day. Soon iift*a’ the lapse of 24 htmrs, eidotnes, arising frmn 
original Imlividual bacteria, aj»pear. Mn so an; examiiu'd by 
naked eye and microscope, and snltcultures made in test-tubes 
containing suitable media—gelatin, broth, milk, agar, bile and 
sttgsir media, etc. Thus the nnmlx'r of «uganisma per e.c, 
can be estiinaUxi, and the species isolab'd and separately studied 
in “pure culture” under favourable eonditiona. (’ullnr** 
platrw should also be made fur incubation at bl<x)d-heal. 
Slide prepsintions, .staiiUHl or unstained, should bo madoaloi 
Ttiicroscopical examination. S])CciHl inoilia and uboiin<]: 
peptone water for eholora red reaction, bibesalt agar (lac¬ 
tose and 8aflch.rrose), lirpiid peptone sugars, litmus milk at 
37° r., etc. 

Some bacteriologists pre.fer fo fake a stcrilirxid Berkefeld 
filter and pump or aspirate through it l,000-2,00u ac. of the 
water under oxamimition. and wdth a sterilized brush transfer 
the particulate matter which has collected on the candle of 
the niter into 10 c.c. of water or broth. This is now a con¬ 
centration or emulsion of the organismal content of the 
water, and may be pbited out as above or examined for special 
organisms (It. tnttrilitfu tporngenex, It. I'oli, B, tifjf/iottu, strep- 
ttx^ooei, or sewage organisms). 

Other bacteriologists, aiming mainly at the detection of 
organisms of intestinal type, examine for (a) average numbei 
of microbes per c.c. on gelatin at 20-22^ C. on third day; {^) 
B. enieritiilit $pi>Yog»nex in O'l, 1*0, and 10 c.c. respectively; 
and (r) B. cnH in O-Ol, O-l, 10, 10 , and 100 e.c. r^pectively. 
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B, eoH may be teated for oa follows: louculate bilo-aalt* 
j^lucoso peptone with O'l-lOO c.c. of water; after forty>eight 
bout's’ inoubatioa ut bloi>d>heat the pri-sence of gus neces* 
sitatea secondary cultiiroH to determine (a) fermentation of 
glucose or lactow or both; the produenon or not of acid; 
(r) indol in poptono watpr; and (rf) negative result in sac- 
liharoso (cane sugar). r 

Oafies In water. —A litre of water can dissolve 
25 c.c. of oxygen, 46 c.c. of nitrogen, and 1,000 c.c. of 
liarbonic acid at ordinary ternporaturo and pressure. 
These gttses are usually present in natural waters,, 
but the ])ro|K)rtiou8 are very variable, being largely 
dtfpendent upon the source of the w-ateh, the decree 
of pollution and of ex))Osure to air. and also upon 
vegetable growth ; chalk and limestone waters cote 
tain excess of carbonic acid. The gases in a pure water 
often contain 30 f>er cent, of their volume of oxygen. 
Tliey may be extracted for the pur]> 08 e of quantitative 
analysis by means of a Spreiigel pump, or by boiling 
the water for an hour, and collecting over a mercurial 
trough. Potash will then absorb the carbonic acid, 
and potassium pyrogallate or sodium hyposulphite will 
remote the oxygen, leaving a residue of nitrogen 
^uiie. 

For the determination of oxygen alone, 'I'hresh adds 
mmimred qmintitios of sulphuric acid, sodic nitrite, and 
potaasic iodide to a moaaured volunu) of water (tbout 2!)0 c.c.), 
tn a vessel which must b<t full to the stopper so ds to exclude 
atmospheric oxygen. The nitrous acid acts as a *' eairier 
until ail the dissolved oxygen is exhausted, liberating a pro* 
portionato amount of Iodine. The water is then run into a 
bottle through which a current of coal-gas is being passed, and 
standard hyposulphite is added from a &irette untd the y^ow 
colour due to iodine disappefir8,the final point being accurately 
determined by adding a little starch, which gives a blue colour 
as long ns any trace of free iodine remains. Tho hyposulphite 
solution is of such strength (7*79 grm. per litre) that 1 o.o. 
corresponds to 1 mg. of oxygon. A corre^ion is required for 
the oxygen oontali^ in the roagents used, a blank teat being 
made for purpose. The amount of dissoh-ed oxygen por 
litre of water is then readily calculated. 
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Sulphuretteil hydrogen or marsh gas may be found, 
the former due to mineral sulphides such as pyrites, 
or to decomposition of sulphates by organic matter, 
the latter to fermentation of vegetable matter in 
stagnant pools, or to pollution by coal-gas. Traces of 
ammonia are usually present. 

Well aerated waters are bright, lustrous, and 
agreeable to the palate. This is especially the case 
with water from wells or springs, of medium depth, in 
calcium carlxuiate formations—the low temperature 
and greater pressure combining to increase the charge 
of (jarbonic acid. Tlie absence of dissolved gases in 
distilled water renders it flat, <lull, and unpleasant to 
taste. 

HINERAI. SALTS 

Mineral salts are derived from the strata with 
which the water has been in contact, or otherwise. 
They may include chlorides, sulphates, carbonates, 
silicates, nitrates, nitrites, and phosphates, the bases 
being lime, magnesia, soda, potash, alumina, or iron, 
and more rarely lead, zinc, copper, manganese, ()]: 
arsenic. , 

The proportion of salts present ranges from prac¬ 
tically nil in rain-water, or pure moorland water, to 
300, or more, parts per 100,WO in “mineral ” waters 
or brackish water from the coast. In water for drink¬ 
ing it should not exceed 00 parts per 100,000, and a 
go^ water will not contain more than about 40 parts. 
An excess of mineral salts in general leads to digestive 
disturbances, in the form of dyspepsia, diarrhcea, or 
constipation , but this effect is largely dependent upon 
the nature of the salts present. 

Chlorides, estimated ns chlorine, may reach the 
proportion of 10 parts per 100,000 in organically 
pure water from the Kew Red Sandstone, Oreensand, 
and other saliferous formations. Brackish water and 
r 
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sea-water contain excess of olilorine. In general, how¬ 
ever, goo<l waters contjiin not more than about 2 or .3 
parts per 100,000, and rain-water and jwaty w'ateiu 
little or none. Water from nmlaces, shallow wells, 
or other sources open to contamination should be 
regarded with suspicion if it contains iTioro than 10 
parts of chloriim, es|)ecially if there is also excess of 
ammonia, organic matter, or oxidized nitrogen, all 
those l>eing significant of sewage or animal pollution. 

TiiKTs. 1. Qualitative .—A solution of silver nitiate gives 
a turhi«iity or u procipilate uccordiag to Uiu amount of 
chlorine prestmt. * 

2. Quantitative.- K standard solution of silver nitnite is 
emplqycd, containing I'ohS grm. per litre, so that each c.e. 
oorrc8|K>nds to I mg. of chlorine, according to the equation 
AgNOj -f- Na(3 = Is’aNt )j, + AgCl. A hundred c.c. of wimple 
water aro taken in a white pon'claiii dish, a fow drops of a 
solution of potassiinnchromatearoaddedasaii “indicator,'’and 
the silver solution is then dropped in from a burette, with 
constant stirring, until a faint permanent red tinge appears, 
showing that the chlorine is exhausted, and silver vhromate 
is beginning to bo formed in place of chloride. If the 100 c.c. 
of satiiple water take x c.c. of silvifr solution lieforo the red 
tint appears, there am x mg. of c) lorine in the 100 c.e., and, 
Werefore, x x 10 mg. j»er litre.* 

SiilpImtCH are usually estimated as sulphuric 
anhydride, SO^. The most i|nj>ortAnt are calcium and 
magnesium sulphate, whtch are liable to cause dyspep¬ 
sia and diarrbcea in persons unaccustomed to the use 
of water containing these salts. Hence limestone and 
dolomite waters, which may hold 5 to 20 parts per 
100,000 of calcium sulphate, are less wholesome than 
chalk water, which contains none. Dolomite water 
diffei'S from limestone water in containing magnesium 
sulphate, but less calcium sulphate. Some watera con¬ 
tain sodium sulphate. The acidity of certain i)eaty 

* 1 niff, per litre s 0*1 part per 100.000, and 1 gr. per gallon s 1 part per 
70,000. Hence z or. per gallon s rys z mg, per litre, and y ing. per litrt 

vSs k Rv- J'vfgallon. 
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moorland w}itri*K tliat act upon load lias beon attri¬ 
buted to tho formation of acid sulphatea by the 
oxidation of sidpliides (pyrites) or of Kul{)hui' 0 us acid 
absorbed from smoky air. 

Tbsts. ]. ^Qualifatiir.- \ solution of barium chloride, 
with a few drops of hydrochloric acid, will give a white 
precipitate. 

2. <JuaHtifattre.—‘2iiO c.c. of sample water hwj boiled, 
treated with a little hydriH-hloric acid and slight excess of 
barium chloride Bolution.and then l>oi]ed again and hlterod. 
The precipitate collected on tho fiUer is washed, ignited, 
and weighed as Imriuni sulphate, HaSO^. (liven the weight of 
BaSCb from 2db c.c., the corresponding proj>ortion of SOg per 
Iitre*will bo readily calculated. 

Clnrbonatciif* - Soluble cidciutn bicarbonate, 
OaH 2 (CO.j).,, in found in almost all well ami spring 
waters. It occura in excens in chalk, limeKtone, and 
dolomite water, but it i» wanting in rain mid jx^aty 
water. It is precipitatwl by boiling, in the form of 
normal calcium carbonate, Caf *().j. Magnesium bicar- 
l>onate, MgH 2 (C 03 ) 2 , found in dolomite water, behaves 
similarly, but partially redissolves on cooling. Sodium 
carbonate, Na^CO^, may l>e found in natuml watery 
and may give them an alkaline roactioi\. Free 
carbonic aci<l exists in all wat(u*s, and if in excess 
renders them sparkling and |)ahiiabie. Apart from 
this, the importancQ of th% carbonates in water 
depends entirely upon the laisea they contrin. l*he 
determination of temporary hardness will show the 
amount of calcium and magnesium carbonates. 

Silicates of soda or alumina ai*e occasionally 
found in watei*. 

Test.—H alf a litre of sample water is evaporated to dry¬ 
ness ; the residue is acted u})on by strong hydrochloric acid, and' 
washed with boiling distilled water; then it is once more dried, 
ignited, treat^ with acid, and washed with boiling water, 
'ne final i^‘due is silica, and may be weighed as such after 
drying. 



WATER 


[chap. 


IVItratCH and nitrites, like chlorule-s, are harm¬ 
less in themselves, but if found in a water exposed to 
risk of pollution may stiHice to condemn it for use. 
Nitrates may be found in pure water from deep wells 
in the chalk, but os a rule they are due to oxidation 
of nitrogenous organic matter of animal brigin. Even 
if accompanied by only a small proportion of organic 
matter, nitmtes in water from » source open to 
suspicion must be regarded as oxidized filth, which 
may at any time bo followed by unoxidized filth. 

Frankland emphasized this view by recording all 
the inorganic nitrogen present, whether in the form of 
nitrates or nitrites, or ammonia, as due to previoitt 
teivage contamination, irrespective of its probable 
origin, recent or remote, ffe makes a deduction, 
however, of 0*0.32 jxirt jM^r 100,000, as the average 
amount of niti'Ogeii in the rain.waier which must 
have been the ultimate source of supply. 

An example will mako the mode of calculation clear. A 
Mmpio of water is found to contain 3*1322 parts of oxidised 
nitrdgen (i.e. nitrogen as nitrites and nitrates) per 100,000 

S rls of the water: and also 0*0034 part of ammonia, whidi is 
rioQsly equivalent to 0*0028 part nitrogen. The inorganic 
nitrogen *4 is therefort 3*1322 + 0 0028, or 3*1360 parts per 
100,000. Prom this must bo deducted 0*032, as a correction 
for the nitrogen in average rain-water, leaving 3*1030 inor¬ 
ganic nitrogen, and this tni^tipfled by 10,000 ^ves 31,030 (per 
100,000) of previous sewage contamination.’* In otner 
words, if 31,030 parts of average London sewage had been 
diluted Mrith 08,970 parts of average rain-water, and all the 
nitrogen then converted into nitrates, nitrites, or ammonia, 
the result would be a water of the composition of the sample 
so &r as the proporKon of ioorgnnio nitrogen is ooncerned. 

The process of nitrification, by whicb nitrogenous 
organic matter in water or in the soil is oxidised, 
with formation of nitrates, is due m great measure to 
the action of microbes. 

Nitrites, as a rule, indicate more recent and 
therefore * more dangerous pollution than can be 
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inferred from the presence of nitrates. They readily 
pass into nitrates. A high oxidized-nitrogen figure, 
combined with excess of free ammonia, organic am* 
monia, and “oxygenabsorbed,”shows that the oxida¬ 
tion and destruction of organic matter are incomplete, 
and therefor^ dangerous. 

A variety of standard terms lias been proposed 
for the quantitative statements of nitrates and nitrites. 
The expression “oxidized nitrogen” is adopted here, 
and is equivalent to “ nitrogen as nitrates and nitrites” 
and to “nitric nitrogen.” “Previous sewagecontanu* 
natipn ” has already been explained. Waiiklyn gives 
his results in terms of “ nitric acid,” HNOj. 

Water from springs and deep wells contains upon 
an average about 5 parts of oxidized nitrogen per 
million, shallow-well waters from 2 to 200 parts. 

Tssts foh OxtPizBD Nitsoobk * 

1. QUALITAmS. 

«. Dipkenylamine 2*per*oent. solution of diphenyl- 

amine in strong sulphurto acid is spread out in a thin 
layer upon a white porcelain plate. A drop of ths 
sample water is allowed to fall in the centre, and anv 
trace of oxidized nitrogen is revealed in a few seooniu 
by a blue tint throughout, or at the line of Contact. 

i 8 . Hor»ley*» tett. —Two c.c. of pure sulphurio acid are added 
to 1 O.C. of the water, and then a drop of pyn^llc 
acid solution. A pink oi^Iuo tint appears, chanpng 
to brown; it disappears momentarily npo.i shaking, 
but soon returns. 

y, tui, —A drop of pure sulphurio acid and a 

crystal of brucine aaded to the di^ residue of 2 e.e. 
(or more) of the water will give a pink or yolUiw tint 
even with minute traces of oxidized nitrogen. 

2. QoANTiTAnvs. 

I. Mummittmpro^u.—^Two grm. of sodium are dissolved 
^ in 100 c.c. distilled water so as to obtain a pure sola* 
tion of caustic soda free from nitrates; 100 e. 0 . of 
sample water and a piece of aluminium foil are added. 

* That U, for nltnitss or dIMUm bwliffirsatljr. 
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la the course of a fow hours all the oxidized nitrogen 
is convt^rtcd into ammonia, which ie distilled off and 
NosslurizfHl. Each ing. of ammonia, after deducting 
the freo ammonia miginally present in the sample, 
eorrosponds (o 0*82 mg. of oxidized nitrogen in the 
100 C.C. of sample. 

Xine-eopprr pi-vcenH .—Zinc foil is coated Irith copper by 
exposure to a solution of copper sulphate until it 
becomes black. It is then put into a bottio with 
*250 e.4‘. of the sample water ami 0-5 grm. oxalic acid, 
and left fur twenty-four hours. As in the aluminium 
pr(KX‘Ks, all the oxidized nitrogen is convertetl into 
ammonia and moasiinHl as such by Nesslcrizing. 

• 

All the preceding tests are for nitrates and nitrites f^Uke. 
The following apply to nitrites only : 

(1) IIoHvay’s solution, containing snlphanilic and acetic 
acids and naphthytaininc, is an extromeiy delicate test. A few 
drops added to water give a rose tint if any triune of nitrate is 
present. 

(2) One drop each of phenol and aulphaiiilic acid solution, 
and tlien ammonia, will give a yellow colour. 

(3) The addition of starch solution, potassium iodide solution, 
and dilute sulphuric acid causes a blue tint, due to liberation 
of iodine by nitrous acid and consequent formation of iodide of 
starch. 

(4) Met i-phonylene-diamino solution with dilute sulphuric 
acid (I c.c.*of each to 100 c.c. of water) will give an orange>red 
colour after stauding a few minutes, (ffrim.) 

PtioftphRtc» are no#of common occuri'euce except 
ill minute traces. They are, for tlie most part, indica¬ 
tive of remote animal |)olIutioii, but th^ir pi'esence 
need not condemn a w'ater if other indications are 
satisfactory. 

Tsar.—The water is concentrated to 250 c.c. being 
boiled down to 5 c.c. Nitric acid is added, and then solution of 
ammonium molybdate. If phosphates are present, a yeUow 
colour will appear, and, on standing, a precipitate of ammonium 
phcMipho-molybdate. 

SiilpHIdle# are said to result from the reduction of 
sulphates by BeggitUoay and perhaps from contact with 
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iron pyrites. Carbonic acid lilDeinies sulphuretted 
hydrogen from sulphides. They are readily detected 
by smell, and by the following: — 

Tests.—A tiolutioii of load acetate (or, still liottor, a 
solution of l(«d hydrate in caustic soda) will givu a black 
precipitate in presoiicc of sulphides, 

A solution of sodium nitro-pinissido will give a purple colour 
with stilphidos, but not with free sulphuretted hydrogen. It 
is therefore Siifor first (o add cuustie alkali. 

rini<* is the ny)st important of the mineral con¬ 
stituents of^ drinking water. It 000111*8 mainly as 
bio^rbonate and sulpliatii; a good water should not, 
as a rule, contain more than 20 parts per 100,000 
of the foi’iner, or 5 of the latter. In excess it 
causes constipation when used for drinking, and is 
wjisteful for washing purjmses, since it renders 
the water extremely hard unless previously Imiled. 
On the other hand, absence of lime salts i.s held to 
he disadvantageous, liecause lime is retpiired in the 
system, and also for the more pi*actical reason that 
soft waters are, us a rule, less palatable than those 
of moderate hardness, and often dissolve lead froi)i 
household service japes. Horses are said to become 
rough in the coat if supplied with very hard water. 
Calcium sulphate is injurious (as already stated), and 
rendera water permanently Calcium nitrate and 

butyrate have been found in waters that have caused 
diarrheea and other symptoms of intestinal irritation. 

TBMT.—Ammomum oxalate solutioo will give a turbidity 
or a precipitate according to the amount of lime added. 
This precipitate from a measured quantity of sample may be 
collected on a filter, washed, dried, ignited, and then weighed 
as calcium oxido. 

Iflagfneula occurs chiefly as carbonate and sul¬ 
phate, in water derived fi*om magnesian limestone. It 
renders water hard, and, although the carbonate is 
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thmwn dotrn by boiling, it redUsolves on standing. 
Magnesium salts cause dyspepsia and diarrhcea. 

Tkhts.—A ll the limo is first removed by adding powdered 
oxalate of amiuoiuH, and filtering. 

(a) The filtrate is tested for hardness in the uenal way. 
Any hnrdncBs Iroyoiid that of pure water is dUe to magnesia, 
and otc'h degree” corresponds to 0'6G gr. of magnesium car* 
bonate nor gallon. 

{b) To the filtrate are added sodium phosphate, ammonium 
chloride, and excess of |fui '0 ammonia. In 24 hours the precipi* 
late of triple pht>sphate, Nii 4 MgP 04 , is collected, washed on a 
filter with 8tr> ng ammonia,* ignited, *and weighed os mag¬ 
nesium pyrophosphate (MgOl^PjOj. « 

Soda salts are almost omnipresent, and few waters 
are free from soilium chloride in small amount. The 
sulphate occurs in excess in some mineral waters, and 
the carbonate also is coiumon, sometimes in sufficient 
quantity to render the water alkaline. 

Iron is an occasional ingredient in nature watera, 
to which it gives a characteristic inky (chalybeate) 
taste. U is also frequently derived from iron tanks or 
pipeothiough which the water has passed. Water is 
unsuitable for drinking if it contains more than 1 gr. 
oFiron jier gallon—that is, 1*6 parts per 100,000. 
Ferruginous waters are said to be liable to cause 
dyspepsia, headache, and malaise in those unaccustomed 
to ^eir use. Iron adds io tfie hardness of water. 

Tbsts. 1. QHalitatiw .—Ammonium sulphide gives a dark 
eoiour (lost on adding acid), potassium ferrooyanide a Nut, and 
potassium tulphocyanide (after acidulating with nitric acid) a 
rtd tint. 

2. Q«aiiri<a<iv 0 .-*>A standard solution containing 1 mg. 
of iron iu 1 o.c. is made by dissolving 4'96 grm. of cr^ stallisM 
ferrous sulphate in a litre of water; if greater predrion is 
desired, the solution may be diluted to so that 1 c.e, ss 
^ mg. of iron. Of sample water 60 0 . 0 . and of distilled water 
60 e.c. are placed in K^ler glasses (p. 81) side by side, and 

* Triple phoapbate is soluble iu water. It is nocessarjr to allow 
1 mg. of magDa^uni pbosphate as lost for every SO &«. of was)>. 
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to both a tiuce of ainmonium aulphido is added. 'I'ho black tint 
produced in the former is exactly mstohed in the latter by 
adding successive c.c. of iron solution nutil the right shade is 
reached. The amount added (to the 50 c.c) Isiing known, the 
pm^rtion per litre (i.e. ])cr 1,000 c.c.) will he just twenty* 
fold, and will give, of course, the milligrammes per litre, or 
])art8 per million, of iron in the sample water. 

Lend, rarely jiresent in natural waters, is some¬ 
times absorbed from leaden pipes or cisterns. The 
action is probably twofold. First, the metal is acted 
upon by the oxygen dissolved in the water, aided 
possibly by oxidised nitrogen serving os a “ carrier” 
of oxygen. * Next, the lead oxide thus formed may be 
dissolved, more readily, of course, if the water be acid, 
or may be washed away by the current in a state of 
fine powder. If, however, the water contains calcium 
carbonate, there is formed on the surface of tlie 
lead a protective coating, insoluble and not readily 
dislodg^ Hence it is found that plumbo-solvent 
action is comparatively rarely associated with well 
or spring or river waters, but qnite commonly 
with rain-water or soft moorland waters, especially if 
they have an acid reaction. Moorland gathering 
grounds are usually rich in peat, which has an acid 
reaction, and thus water draining from it is'acid and 
affects lead. Nitrates, chlorides, or excess of carbonic 
acid or organic matter have been found to increase 
the corrosion, while silicates and many other sub¬ 
stances exert some protective action. 

The acid reaction and consequent intense plumbo- 
solvent effect of certain moorland waters has been 
attributed to acid sulphates {due to the oxidation of 
iron pyrites, FeSj -h HjO -f- 70 = FeSO* + H,SOj), 
to sulphurous or other acid in rain, or to the in¬ 
definite acid compounds found in soil, and sometimes 
termed humic and ulmic acid. In some cases it is 
caused by excess of carbonic acid; but in the main 
the acidity is that of peat, due, according to Houston, 
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to acid-pi'oducing bacteria in tlie peat. He haa sliown 
that H inixturo of iiiicro-organlsnis obtained from peat, 
wilt'll introduced into a sterile decoction made solely 
from jwat, not uncotnmonly renders the pe.at decoc¬ 
tion acid and plunibo-solvent in character. Acidity 
ill water is more marked in the first flo# when rain 
follows drought, owing, no doubt, to the wasliing out 
of the acid accuimdatiHl in the peat; and least marked 
in dry weather, when thecoiitrilmtion from springs is 
relatively largest. Where peat is abundant, and springs 
arc relatively few and small, acidity and pluinlM- 
solvent aliility may b(; anticipated. Bulf in the ab- 
‘sence of carbonate of lime, the power of acquiring 
lead is shurcil in considorabh* degree by many neutm) 
and even slightly alkaline moorland Wald’s, including 
those ill which the acid peat washings have been 
neutralized by admixture with spring water. Tidy 
and Odliiig attributed the lead-dissolving power to the 
absence of silica, and brought forward evidence to show 
that this inverse relation holds good in a number of 
watei supplies. There ai'Cs however, many exceptions. 
Even distilled water, or solution of sodium carbonate 
iiTdistilled water, will attack lead. 

In liJ87 Sinclair White called attention to the 
pi’evalencc of plumbism among the consumers of the 
high-level water at Shel^eld, and disastrous conse. 
queiices have resulted in other Yorkshire towns and 
elsewhere from the distribution of plumbo-solvent 
waterthrough lead pipes. In 1908 the Local Govern¬ 
ment Board furnished particulars of 48 water under¬ 
takings in which vigilance was necessary to prevent 
plumbo-soivency. 

Various remedial measures have been tried. One 
plan is to experae the water to fragments of limestone, 
and conduits have been lined with the same material, 
but it soon becomes ineH, owing to inooistatiou, 
and frequent renewal of the su^ace is necessary. 



Ill] PLUMBO-SOLVENCY 76 

MoHsumt quantitien of lime have also l>een added 
(2 to 3 gr. to the gallon). A more effective niethofl 
is to add powdered chalk or whitening (1| gr, to the 
gallon), while in some instances carhonate of soda is 
used (500 gallons of soda solution, 1 lb. to the gallon, 
are added t<t one million galloirs of acid water). In 
pursuance of Tidy's hypothesis, the water has been 
charged with traces of silica by tiltration through 
[rawdered gi’anite or flint. Houston recommends 
ordinary sand-liltratiun, with the addition of some 
neutralizing material to the filter (e.g. a thin coating 
of lime on*the surface of the sand with limestone 
unilerneuth the sand) and the subsequent addition of 
a trace of sodium carbonate to the neutral filtereil 
water. 

Many waters, fortunately, are sulliciontly pro¬ 
tected by the salts they contain. Calcium sulphate 
is less piotective than the carlwnate, and magnesium 
less than calcium salts. A crust is formed u|>on the 
interior of lead pipes, composed of carlionate and sul¬ 
phate of lead, lime, and magnesia (or such of them 
as are present in the water), and chloride of lend. 
Carbonate of lead is difficult of solution except in water 
charged with excess of carbonic acid undef pressure. 
Pipes which are new, which are bent against the grain 
or which are alternately &I1 and empty, are more 
attacked than others. The maximum amount of lead 
is found in water that has stood for some time in the 
pipes, over-night for example. 

Many substitutes for ordinary lead pipes are 
now available, and where there is any tendency to 
solvent action one or other of these should be adopted. 
Compound pipes have long been in use, the interior of 
which is block-tin and the exterior lead; the two 
metals are solidly united throughout, and the pipe can 
be bent without fracturing the tin. A less reliable 
protective lining to lead pipes may be found in tar 
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or bitumen. Iron pii>es are more satisfactory in 
every respect, except their rigidity, which renders 
them difficult to adapt to the bends and turns 
that are needed in Imuses. Plain iron pipes may be 
employed, with some risk of trouble from rusting. 
'Kn-Hned, glass-liimd, or galvanized iron pi|)e8 may 
be used, and among other protective coatings may 
be mentioned Angus Sinith’s varnish and collodion. 
Theoretically, the rustless Barff iron offers the greatest 
advantages for this purpose;; iron pipes of ordinary 
oonstruction are oxi>osed while hot to superheated 
steam, and thei’eby acquire a thin coating of magnetic 
oxide, F^O^, which renders them free from liability 
to rust as long as the coating is unbroken. (Jnfortu- 
nateiy the film is easily dislodged in the process of 
fitting. 

If it is not possible to change tlte supply of water, 
or to prevent it by chemicd means from acting 
upon lead, or to keep it from coming into contact with 
lead, recourse must be had to palliative jneoauree. The 
water must always be ruinoif for a few minutes in the 
morning, and again before drawing it for drinking pur- 
{>cSes. All that is used for drinking or for cooking 
should be* filtered through some medium containing 
animal charcoal. Buch filters possess the power of 
removing lead from solu%»nf owing probably to the 
phosphates which they contain forming an insoluble 
lead salt. No water should be used for drinking that 
contains any trace of lead, for, however minute, its 
presence indicates danger and it is cumulative in 
action; moreover, the sample may not represent either 
the seasonal or daily maximum. 

Among the clinical symptoms of lead-polsonlng 
are anmmia, depression, dyspepsia, constipation, ooUo, 
mid paralysis of the extensor muscles of the hand, lead¬ 
ing to wrist-drop. A characteristic blue line appears 
along the edg^ of the gums, due to the formarion of 
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sulpliide of lead in the tissue. Optic neuritis may be 
found. It has been observed that abortion is common 
in districts where !cad*poi8oning prevails, and some’ 
times to such a tlegreo as materially to lower the 
birth-rate. Occupational lead-poisoning is more fre¬ 
quent and slvere than water lead-poisoning {see p. 682). 

Tests * 1. Qualilalive.- {a) IIjS gives a brown tint if a 
trace of lead is present, and a black precipitate if much; 
neither is affectud by acid, (b) A solution of potsasium bi¬ 
chromate (1 gr. per oz.) dropped into a tali glass of water, fulls 
slowly, causing an opaque yellow cloud if there is any lead 
in solution. • 

•2. Quantitative. —A standard solution containing 0*1 mg. 
of lead in 1 c.c. is made by dissolving 0*1831 grm. of cr 3 * 8 tw- 
Used lead acetate in a litre of distilled water. The pro- 
ceduro is the same as in testing for iron, but the water should 
be made acid. 

Acidity of water and phmho-$olvcncy should also be tested 
for. The former may bo estimated by using laemoid as an 
indicator. The solution is best made by dissolving 0*2 grm. 
of laemoid in 100 c.c. of dilute alcohol (10 per cent.). A 
few drops added to 10 c.c. of thu sttinple of water at once 
reveals the presenco of the smallest trace of acid. The amotmt 
of add may be determined by titrating a definite quantity of 
the water with a decinormal solution of sodium carbonate 
{rt*8 grm. NajCOj) per litre). 

Plumbo-solvency may be determined in tho following way : 
50 C.O. (by volume) of washed lead shot are placed in a burette 
(I" X 24"), occupying 18 in. of its length; the sample water 
is allowed to filter through thiw lead, and is then coiieoted in 
successive quantities of 50 c.c., and tested with sulphuntted 
hydrogen or with ammonium sulphide for the presence of 
1 ^. 

SBloc, copper, and areentc, although rarely 
occurring in natural waters, may occasionally gain 
access by means of trade pollution, or by the solvent 
action of water (especially water containing organic 
matter, nitiites, and nitrates) upon the pipes and 
vessels witli which it comes into contact Any trace 

*nia sample iboold the fint pint, or U$$, draws from thepipe, after 
standing tor aa boor or >tber stated nuiod, if It is to measure the maxlianm 
impirity. 
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of these sul>stanccs renders h water unHt for.drinking 
pur[>ose8. 

Tkkts.— Cu[»|K)r, like kiad, KlrikoH u black colour with 
ammonium sulpbitle, not discharged by acid. It may be deter¬ 
mined qiiantiUitivcIy by a colorimotric process similar to those 
for iron and Ica^l, the standard Holiition ccmkifling 1 mg. of 
copper in each c.c. being made by dinsolving 3'93 grtn. of 
cryetallixud tropper sulphate in a litre of distilled water. 

Arsenic would be dehteted in the residue after evaporation, 
by the Marsh-Berzclius or other test. 

IlMi'dnfiSA of water i« oau.sed by the presence of 
salts that deconijioHe soap, preventing lathering until 
'Buflicicntsonp is addixl to exhaust them. The chief of 
thesej^re liine salts, niagnesiuni salts, and carbonic acid, 
but iron and alumina have a similar eil'cct. By lK>iliiig 
the water, the free carlwnic acid is driven off, and cal¬ 
cium bicarbonate is reduced te tln^ insoluble carlionate 
and precipitat<Ml; magnesium bicarbonate is precipi¬ 
tated as carl>onate in like manner, tliough it partially 
redissolves on cooling, and moat of the iron is also 
thfi^n down. After I’emoval of this tumporary hai’d- 
ndi^, there remain in solution calcium and magnesium 
sulphate.s and chlorides, and a little iron—asautiiing 
them to have Ireen originally present. These, with 
the ro-<lissolved magnesium carbonate, constitute the 
ptirmamni hardness. Soa|^ edhsists of alkaline oleates, 
stearates, and palmitates, which form a viscid solu¬ 
tion in water. The phenomena of hardness depend 
upon the formation of insoluble calcium and magnesium 
oleates, etc. 

HardnMS is measured by a standard soap-solution, 1 c.c. of 
which exactly precipitates 1 mg. of calcium carbonate. It is 
found that 1 c.c, suffices to give a lather when shaken with 
70 o.c. of distilled water, ami anythiug beyond this is due to 
the hardness, which is stated in twms of calcium carbonate. 

In a bottle of al>out 2.'0 c.c. capacity 70 ac. of the water 
is taken, and the soap-solution is added by degrees from a 
burette, with •rigorous shaking after each addition, until a 
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lather completely covers the surface and remaina iuiact for live 
minute^ The number of c.c. uddod, deducting 1 c.c. fur 
lathering, will give the hardiieaa in mg. of calcium carbonate 
per 70 C.C., that is, in gmina pt-r gallon." ITie pcnnanent 
harlncM is rocHhured in exactly the same way, in 70 e c. of the 
water, after boiling for half an hour and adding distilled water 
to maku good 4lio loss by evaporation. If more than 16 c.c. of 
sojip-Kolalion are consumed by 70 c.c. of water, it is better to 
dilute it by adding 70 e.c. of distilled water, in which event a 
deduction of 2 c.c. must ho madt* instead of 1 c.c. for lathering. 
A ^‘degree ” of hardness upon Clark’s scale corresponds to a 
grain of ealciiim carbonate |>or gallon. 

The distal vantages attendant upon the U8C of hard 
water arc obvious. There is also sotiK*, though by 
no means complete, evidence of a relation between 
hard waters and goitre and urinary calculi. A good 
drinking water shoiihl not exceed 1 degrees of per¬ 
manent, or 20 of tot4il, hardness. It is estimated 
that each degree of lmrdncs.s involves a waste of 
upwards of a (>ound of soap for every 1,000 gallons 
used in washing. 


ORGANIC MATTER 

Organic matter in solution consists of animal 
and vegetable matters that have gained access to 
the water, and of the products of their cfeoomfK)8i- 
tion. Little is known of its chemical composition, 
the variety and complexity #f the components being 
so great as to defy analysis. 

The presence of organic matter (or rather, of ozidtsable 
matter) may be shown by adding a few drops of ii solution of 
potaMuum permanganate, which is immediately decolorized; or 
by slightly acidulating the sample water and boiling it for 20 
minutes with a few drops of solution of chloride of gold, which 
will give, according to the amount of organic matter presoot, 
a rose, violet, or olive colour, or a violet or black pitwipitate. 

A rough quantitative estimate is obtained by determining 

* HsrdneM, unlike other analytical data, is atlll coRifflOnlyexpreaiibl 
ingrains per giUnn. The conversion into uie standard terms is readily 
•ifected (MS note, p. SO), for instance, from grains per gallon to part* per 
JOO.OOO by dlvidJog by^-7. » a r= a r- v 
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the combuitible matter in the total solid residue.” Into a 
platinum dish of known weight a are nteasurod 100 c.o. of 
sample water. They are then evaporated to dryness over a 
water-bath (after whi<-h the drying should be continiied in a 
water-oven at 100" C. for an hour more), and the weight b of 
the dish and ita now dry contents is ascertained, n -a is the 
weight of the total solid ronidue, that is, of the organic matter 
and mineral salts. Thu dish is next heated to dull redness, to 
bum off the organic matter, and weighed again (c) after cooling. 
The loss on ignition, tlrnt is it—c, will give the amount of 
organic mattur in the volume of wator taken. * The proportion 
of organic matter ^r litre, or i>er gallon, is readily calculated 
from these ilata. ^iis, 

100 c.c. : 1,000 c.c. :: n-c • : x 

volurae taken. n litre. tUft- lust on 

DfDition. 

X being the pro^Kirtion of organic matter expressed as parts per 
million, or milligrammes per litre. During ignition the organic 
matter turns brown, or ttven black, before disappearing, and if 
of animal origin it gives off pungent fumes. 

This method is not suRioiently exact for most quantitative 
purposes, and recourse is had to other means, of which the 
chief are 

1 . Wanklyn's ammonia process, 

* 2. Frankland’s combuAion process, and 
3. Forchammer's oxygen process. 

None of these professes to give the total amount of organic 
matter iu ^ator, but each Axes upon some one or more element, 
compound, or pro()urty, which is determined with precinon 
and taken as a inoosuro or inde»of the total organic matter, to 
which it is assumed to bear ePeonstant ratio. 

1 Wanklya’s ammonia process. — Most nitrogenous 
organic matter, when heated with permanganate of potMh in 
presence of excess of potssh, pves off a certain ^o^rtion of 
its nitrogen in the form of ammonia. Most, if not all, of the 
injurious organio impui-itios occurring in water may reasonably 
be assumed to be nitrogenous, and, as they yield a definite and 
bdrly constant proportion of their nitrogen as ammonia, we have 
a very convenient and delicate means of measuring them. R 
still remains, of course, in this as in all other indlre^ processes, 
* 

* This is not strietly seeurate, sines water of erystalUatioo itdriveii oS 
fWun the saline wsttere, and snme small portion of the salts my be 
volatilised. Carbonates lose CO«, nitrates sre ladueeil, and <worIm 
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to establish empirical standards of puritf, in terms of the 
ammonia index. 

Certain staiidard solutions are required. 

(1) Standard solution of ammonium chloride containing 
O’Ol mg. of ammnia in 1 c.c. 

(2) NttnUr's tolntiwi is a saturated solution of mercuric 
iodide in potasl^um iodide. It gives a yellowish tinge, with the 
faintest trace of ammonia, and a yellow-brown precipitate 
(NHg«[,lLC) if more is present. 

“ Nessmrizing *’ is a process by which the free or saline 
ammonia in a sample of water can be readily determined with 
great accuracy. Two tall cylindrical, flat-bottomed glasses, 
marked at 50 c.c., are placed side by side upon a white surface. 
In one of theitl are placed 50 c.c. of the sample water, and in 
the «other 50 c.c. of dUtillod water free from any trace of 
ammonia. Two c.o. of Nessier solution arc added to each glass, 
and the tint struck by the sample is exactly imitated by adding 
to the second glass successive measured quantities of tho 
standard ammonia solution (i) from a buKtto, until the right 
tint is I'oachcd. lilach c.c. of ammonia solution used cx>rt8- 
sponds to 0*01 mg. of ammonia present in the 50 o.c. of tho 
sample, from which data the amount per litre is readily 
calculated. 

(3) Alkaline permanganate eelutii/n. Potassium penoan- 
ganate, 8 gnn., and solid caustic potash, 200 grm., are disiolvcd 
iu a litre of distilled water. 

The analysis is conducted as follows^ 

Half a litre of the water to be examined, made alkaline if 
necessary, is put into a large flask, conuected with a Liebig's 
condenser by means of a tent giass tube pnimng through a 

g irforated indiarubber stopper. The flask is heated by a 
unsen’s burner^ and the first 50 c.c. of distillate are collected 
and Kesslerize^ and the amount of ammonia the^ contain is 
recorded. This ammonia is part of the free ammonia contained 
in the water as such, and it is found by experience that the first 
50 ex. cemtain thr^quarters of the fr^ ammonia. Hence, 
adding | to the amount recorded in the first 50 o.c., we get the 
whole amount contained in the hal/^Utn of water under 
analysis, and, doubling this, the mg. of free ammonia per litre^ 
Le. parti per million. 

llins, If the first 50 ox. strike a tint with Kessler, wfaioh is 
matched in the second glass by the addition of 1*2 ex. standwd 
apmtoia solution, we must allow k lhat is, 0*4, JBtking 
a theoretical total of 1*6 c.o. This corresponds to 0*016 Dg». 
0 
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of Ammonia in the half-litre taken for analyais, or 0*032 part 
per million. Meanwhile 160 c.o. more are distilled over, to 
exhaust the free ammonia, but, ae already explained, it is 
uonecessary to NesAlerize those. 

There are then 300 c.o. loft in the flask, and to this are now 
added 50 c.c. of the alkaline permanganate, and the distillation 
is rosuraed. The first, si'cond, and third 60 eft. &vo collected 
separately and Nesslcrixed. Sliould the third 50 r.c. be found 
to contain noteworthy ({uantities of ammonia, a fourth 60 ac. 
is distilled over. 

The ammonia coming over at this second stage is called 
albumiftoiii ammoniu, being derived from the albiiiniitoid and 
other nitrogenous organic matti>r in the water. The second 
50 e.c. contain much less than the first, and the third less than 
the second. Adding together the aniount of ammonia frumd 
in the throe lots, wo have the tobil for the half-litre of water ; 
and., twice this will give the pro{)ortion in parts per million. 
Thus, 

1st 50 s 2'5 r.c. ntfliidnrit ammonia solotimi. 

2ml 60 = 1*0 C,c. „ „ 

Srd 50 = 0-S r.c. 

Total = tt'S c.c. = 0'0.*)8 mg. ammonia prr halMitre. 

Albuminoid ammonia = 0*076 t»art i>«r million. 

Note .—Absence of any trace of albuminoid ammonia is 
su^pstive of organic purity, even if free ammonia and 
chlorides are high. Albuminoid ammonia less than 0*06 part 
per million is consistent with extrome purity; and if free 
ammonia ft absent or scanty, albuminoid ammonia under 0*10 
is no evidence of impurity. If, however, there is much fiw 
ammonia, 0 06 alhuminoid'amg^onia is auspicioxis, and 0*10 is 
strong ovidonco of pollution^ 0*15 or more should condemn a 
water absolutely. 

In good waters the free ammonia usually ratios from 0*00 
or 0*01 to 0*03 part per million, and rarely exceeds 0*05. 

2 . Combustion processes involve costly and delicto 
apparatus, and a considerable degree of skill. The following 
is an outline of Frankland’s process :— 

To a litre of the water are added 20 c.c. of saturated solution 
of sulphurous acid, to reduce the oxidised nitoogen and liberate 
all oorbonlo acid. The water is evaporated to d^ness in special 
apparatus. The dry residue is mixM with oxide of (Kipper and 
Wted vacuo in a combustion tube for an hour. Ine gases 
ore collect^ over a mercurial trough; they contain all the 
organic cartion as oirbonic add, and the nitrogen as sueh. 
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They are me^ured volumotrically, and after the abiorption of 
the' carbonic acid by caustic potash tho n.'sidae is read as 
nitrogen. The nitrogen present in tho water as ammonia 
must be separately detonninod, and deducted fiom the total. 

Thesignidcunt points arc tho absolute and relative amounts 
of organic carbon and organic nitrogen. The lower the propor¬ 
tion of nitrogen to {‘arlain, and t)ic h'-ss the amount of each, the 
more favourable is the veidict, other things being equal. A 
low proportion of nitrogen to i-arbon, 1 to 8, indicate vegetable 
organic matter: a high proportion such as I to 3 is pretty cer¬ 
tain proof of animal pollution. A river or surface water 
should not contain more than 0*20 organic carbon or 0*03 
organic nitrogen in 100,000 parts, and spring or well water is 
open tosuspiciSn if the carWi exceeds 0*10, or the nitrogen 
0*03,•jier 100,000. In forming cuncIusienR.duo weight must be 
given to the other analytic data, espix'ially the determination of 
blondes and oxidix«sl nitrogen, and to the other evidence 
obtainable, such as the position and surroundings of the source 
of supply, tho facilities for pollution, and the depth and 
geological charactei's of the strata from which it is derived. 

The following table, taken from the Keport of the Rivers 
Pollution Commissioners, gives the average results of a large 
number of samples upon Frankland's method, stated as parto 
per 100,000 :— 



Kaiii 

Water 

Upland 

Surface 

Water 

1 

Deep-Welll 
Water J 


Total solid Impurity .. 


l‘'07 

4S-7S ' 

28-20 

t)i^n(e carbon. 

' o-bro • 

0*322 

0*0«1 

0-060 

Oi^nlc nitro^n 

0*01'. 

0*082 

0*013 

O'OlO 

Ammonia. 

NitroKen as nitraU'K and 

o-m 

0*002 

0-012 

0*001 

nitrites. 

o*oo:t 

0-000 

0*496 

0*383 

Total combined iiitr<^ii 

0-04:; 

0*042 

0*522 

0*396 

Ohlorine. 

HardusM 

0*6^ 

1*13 

6-11 

2*40 

Temporary. 1 

0*4 

1*3 

15-3 

u-o 

FermaDeDt .I 

O'j 

4*8 

(1*8 

7*5 

Total. i 

o-« 1 

5-8 

S5-0 

18*6 

Number of aauiplea analysed | 

•) 

so 

IWi 

187 

193 


proceUf applied by Blair to water analysis, is 
Used upon the conversion of the nitrogen of organic iroMtances 
into ammonium sulphate if charred by heaUng with strong 
•olphtiric add: 260 c.c, of wsler are distilled down to 60, 
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with addition of tiodiiim rarbonato if acid; the drat 100 o.c. of 
dietiUato oontaine all tho free auuiiouia. Then 10 of pXire 
eulphnrio add and a littlo areenioiia acid are added, and the 
diatiliation in continuod. IViaently the add hogina to fume, 
and become darkened by the charring of organic matter. The 
heat ie continued for two hours after this, or until the colour 
disap^ra again. After cooling, a alight excesa pure solution 
of soda is auded : and the ammonia thus liberated is distilled 
over, and moasurnd as in Nessler'H procttsH, 

This method, liki) Wnnklyn’s, giv(^ us a record of the 
*' free ammonia ” and organic ammonia ” at two stages; but 
the yield of the latter is moi-e constant and more complete 
than that obtained with alkaline permanganate. The results 
are converted into terms of “ organic nitrogen”sby multiplying 
by 0'824. Blair finds, by this process, less than 0*06 part of 
organic nitrogen per million in ver>' pure water, and 0*06 to 
0*12 in ordinary drinking«watur; he regards as suspicious any 
water containing more than this, unless peaty, and condemns 
any over 0*32. 

3. Oxygen process.-There are many modifications of 
the Forcmimmor method, of which 'I'idy’s is the l>osl known. 
For the sake of uniformity the metric system is substituted 
for “ w^ptems ” in the following description 

The standard solutions requited arc— 

A. Potassium ))cnnanganate, 0*303 in a litre of dis- 

tilled water. Every 10 c.c. yields 1 mg. of oxygen 
4(> oxidizablo matter. 

B. Sodium hyposulphite, i ^nn. par litre. 

c. Potassium iotlide, 1 partm tO of water. 

i>. Starch, 1 (Mrt boyod with 20 parts of water, and 
filtered. 

a. Sulphuric acid, I part to 3 parts of water. 

The object is to determin*! the amount of oxygon absorbed 
in 1 hour and 3 hours roepectively. As the hyposulphite 
solution is liable to change, it is necessary to perform a blank 
test with pure distilled water every time. 

Four flasks are employed, two of which contsun 250 c.o. of 
sample water, while the other two contain 2S0 o.o. of pore 
water for the control experiments. To each flask are added 
10 O.C. (d permanganate solution (a) and 10 0.0. of dilute 
i^phuiio acid (a). If the water is very bad, ^e pink colonr 
due to permanganate may soon entirdy disappear, sad in 
tills event a^seebnd and even a third 10 c.o. of ^nnanganate 
mnat be added, in order sIvavs lo bATeanink ilnne ihronehout 
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tho exDoriiueut. At Uie end vf an hour one of the aampleE and 
one ox the control flaaks arc tested to aicertain how much un« 
decomposed permanganate remains to b(< deducted from the 
total used. For thin purpose 2 c.c. of iodide solution (c) ue 
added, and the remaining purmangauato immediately acts upon 
it, liberating a pro|)ortioiiato amount of free iodine. The ioaino 
iti raeiisured w^b procisiun by dropping in the standard hypo* 
sulphite solution until no more fi'oe ii^ino remains, the exact 
])oint of disappearance of the last trace of iodine being ascer¬ 
tained by adding 2 o.c. of stirch xolution (n) near the end of 
the process, and noting the disappearance of the blue iodide of 
starch. 

In the blank test the 10 c.c. of ponnauganute should ramain 
unaltt^rod at the end of the hour, so that if j' c.c. of hyposul¬ 
phite are usea, these x c.c. correspond to 10 c.c. of the per- 
maifganate solution, that is, to 1 mg. of oxygen. If, there¬ 
fore, thi' sample Husk, which has, of course, lost some of its 
permanganate, takes only y c.u. of hyposulphite, it is clear 
that the oxygen consumed by oxidizabie matter must have 

l)ecn —^ mg. If a second 10 c.c, of permanganate had 
been employed, the formula would obviously have become 


As B quarter of a litre of tho sample was taken for each 
analysis, four times this result will give the “oxygen con¬ 
sumed’* in milligrammes per litre—that is, in ^irts per 
million. 

Tho dotermination of oxygen consumed in thr^ hours is 
conducted in exactly the same way, at the end of that time. 

InUrprelation Jf remlU of th« ojryg$H proMU .—Not only 
organic matter, but aUm nitrites, sferrous salts, or sulphuretted 
hydrogen, will reduce pemmnganates, and these latter, if 
present, must be remov^ or allowed for. No distinction is 
made between nitrogenous and non-nitrogenous oi^anio 
matter. In Lonilon waters the organic matter is said to be 
about eight times tiie “oxygen consumed." It seems that 
putrescent matters, ncdably urine and other animal matter, ai« 
readily oxidised by permanganate, so that while the three* 
Imurs experiment gives information as to the total amount of 
(Mganio matter, the one-hour reaction is Important as indicat¬ 
ing the proportion of putrescent and, therefore, presumably 
^gerons impurities. Sometimes four houn are allowed 
of thr^ and a quarter or half an hour instasd of one 
hMr. Peaty waters consume much oxygen. 
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Ajb in all other luodes of estimating the organic matter 
in water, the results of tho oxygon process must m considered 
together with tho other analytic data and tho souice of the 
water. In a gotieral way, Tidy classifies waters as of great 
organic purity if tho oxygon consumed does not exceed 0*5 
part per million, of medium purity if not e.xceeding 1'6 parts, 
of doubtful purity up to 2 0 parts, and as impuw if the oxygon 
consumed ox&^ids 2 0 jiarts per million. Upland surface 
waters, however (the organic matters being less likely to be 
harmful), are judged by a more lenient standard, tho degrees 
of which are double those given above, namely, 1*0, 3*0, and 
4*0, in place of 0*5, 1*5, and 2*0. 

Blair'n oxtjgen ftrofim tit 100* U. gives very suti-ifactory 
results. The reagents are similar to Tidy’s, but the foUuwIng 
differ in strength:— * 

^ l*otnssium |x)rnianganatu, 1*075 grm. per litre, so that 
10 c.c. yield 5 mg. oxygon. 

Sodium hypOHulphito, 3-873 grm. jkt litro. 

Sulphuric acid, 100 c.c. to 90Q c.c. distilled water. 

Half a litre of water is taken for analysis, and, after the 
addition of 10 c.c. of pennanganate and 10 c.c. of acid, is 
boiled gently for two hours, further charges of permanganate 
being added if necessary. After cooling, the procedure is the 
same as in Tidy’s process. Iodide is added, and the iodine sot free 
by the uncoosuined permanganate is measured by hyposulphite 
solution with tho aid of starch. 

The method of calculation also is substantially the same. 
Since thc^ 10 c.c. of permanganate yields 5 mg. of oxygen 

instead of I mg., the formula becomes 5 x -—~ , or, if n 

^ XX n — u 

charges of ]wrmaiiga«ato l^ve Ueon added, 5 x -^—, 

This gives the mg. of oxygen absorbed per hali-litrc, and 
doubling the result we have mg. per litre, or parts per million. 
Blair’s process has obvious advantages over Tidy’s, since the 
conditions as to temperature are constant, and the oxidation 
of organic matter is practically complete. The empirical stand¬ 
ards of purity necessarily range higher. Exceptionally pure 
waters take less than 2 parts jper million, waters of medium 
purity ‘2 to 4 parte, and suspicious inters 4 to 6 parte. Even 
a peaty water should not ^ recommended if it takes much 
more than 0 parts. 

Imtf^rpreCatlou o( the resnitt ol witter 
cxamlnat^oh*— From what has been said, it will be 
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seen that there are various mctliods of water analysis 
or examination by which we may obtain a knowWge 
Ufa water sufficient to guide us as to its suitability for 
drinking purposes. In the past too much emphasis 
lias been given to the results of chemical analysis and 
too little to the facts obtained by bacterioscopio and 
microscopic examination, and by inspection of the 
gathering ground. It cannot Im too clearly stated 
that o/I the facts obtainable respecting a water are 
necessary to a reliable conelu.Hion. Nothing is more 
likely to lead to an incorrect opinion than reliance 
upon isolated Kndings in respect of a water, whether 
bacOiriulogical or chemical. The two must lie taken 
together (both quantitative and qualitative) and in 
conjunction with a careful inspection of the sources, 
and even then the matter must be Judged broadly, 
and the “ life history ’’ of the water taken into 
consideration. 

The chief interpretations of chemical analysis 
have been already referred to in the text, the im¬ 
portance of gases, mineral salts, and soluble organic 
matter having been dealt with. It is therefore un¬ 
necessary to go over the same ground. But it may be 
added that these general rules are subject tb modifi¬ 
cation according to the history and surroundings of 
the water, (a) Vegetable js much leas dangerous 
than animal contamination, and may often be recog¬ 
nized by the slowness with which the albuminoid 
ammonia comes over,* by the absence or small 
amount of chlorides and of free ammonia, and by 
microscopic examination of the sediment or know¬ 
ledge of the source of the supply. (6) Animal pol¬ 
lution is indicated if the albuminoid ammonia comes 
over rapidly, or if the chlorides or oxidized nitrogen 
are abundant, (c) It is important to take into 

* The leeo&d 50 e.e. contwniDg UtUe ieM than the flnt, and the third 

the McoaU. 
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the same water supply, or when used in the ex¬ 
amination of water before and after filtration. The 
number of bacteria per e.e is therefore a fact of 
only relative importance, because there is no stand¬ 
ard of how many organisms should be pi'osent in 
each c.c. of # potable water, and there is no means 
by which the number can be accurately measured. 
For purposes of comparison it may be said that 
the metropolitan water supply, as consumed, usually 
contains less than 20 bacteria per c.c., and much 
of it less than T). 

The organisms which indicate contamination 

of a water are certain liquefying bncdlli, H. coli^ 
11. enteriUdis spovogeAisSf and streptococci. The cliief 
of tiiese as an indicator is U. colt. It is now hold 
that if this bacillus can l>c detocteil in 1 c.c. or 2 c.c. 
of a water, the organism has gained access recently 
11*0(0 sewage, Its relative abundance is a matter 
of importance. Houston considers the presence of 
streptococci in wator an indication of recent and 
(langerous pollutioh. The presence of any pathogenic 
organisms {1i. tgplwnHS, the cholera bacillus, etc.), in 
however few numbers, is, of course, suflicient for 
the condemnation of a water. Such orgaitisms are 
rarely isolated from water—even though for external 
reasons it be evident that ^le water is the cliannel 
of infection—owing to the long incubation {lenod of 
typhoid fever, the fact that the bacillus only lives in 
water for a few days, and the impossibility, as a 
rule, of examining the water which actually caused 
the outbreak. 

Summary. —A water should be condemned, as a 
rule—(a) if it contains a large number of bacteria per 
c.c. of whatever kind; (6) if it contains B. eoli commu- 

organisms of “indication,” or streptococci, in 1 c.c.; 
(c; if it contains any pathogenic organism; (d) if 
it gives the “ enteritidis change ” in milk cultures, or 
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ferments glucose or lactose media. In addition to 
the chemical and bactenological findings, tlie careful 
microscoph; exaiiiinatiou of the sediment aud the 
thorough inspection of the gathering grounds, the 
source and course of the water, are necessary. In 
many ways the latter is the most impo.lant part of 
an examination of a water, and, wlien in doubt as to 
chemical and bacteriological chai'acteristics, topography 
may not infwjquently tlirow light upon the subject. 

Driiiklnir wiiter aiid diKcnse. — The rela¬ 
tion of drinking water to typhoid, cholera, diarrhoea, 
and dysentery will be considered jfubsequently. 
Hero it is only iiecessjiry to juld a general no^ • 

Vegetable matter in suspension and even in solu¬ 
tion may cause diatThma. In small quantity, however, 
dissolved peaty matter is harmless, although it gives 
a brownish tinge to the water. 

Animal matter in suspension or solution, whether 
due to {lercolation from cesspools, leaking drains, farm¬ 
yards or manured fields, to direct pollution of stz^ms 
by drains or sewei*s, or to presence of decompiling 
animal tissues in tlie water, or to absorption of effluvia, 
is always dangerous to health. 

The^pi-oducts of simple decomposition of animal 
matters are in thenwtdves capable of producing diar- 
rheea and other acute %lim%iitary disturbances, or of 
insidiously undermining the general health, and so 
{MMsibly preparing the way for other diseases not 
directly dependent upon watcr-l>oi'ne poison. In tropi¬ 
ca! countries pollute water is a frequent cause of 
dysentery, sponulic or epidemic. Sudden localized 
outbreaks of diarrhrea in Great Britain have been 
alleged to originate in contamination of drinking 
water by effluvia from sewage, even without the 
direct entrance of liquid or solid filth. Apart from 
ail this, the presence of organic filth in water shows 
that the itay is open lor the access of more specific 
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poisons, such as those of cholera, enteric fever, 
dysentery, and |)ara8itical diseases. The tendency 
of any such pollution is to increase in amount 
temporarily, while percolation through soil loses in 
course of time whatever purifying effect it may 
possess at imst. 

There are also certain diseases lielioved to l)e pro¬ 
duced by water owing in part to its minend or chemi¬ 
cal constitution, as, for example, goitre, plumbisni, 
urinary calculi, an<l possibly cretinism. 

€ontr<^l of wnf cr aupplf ea.— The responsibility 
of tjie Sanitary Authority in respect to the control and 
supervision of the water supply within their district 
will depend in large degree upon the nature of the 
supply, whether from wells and springs or from a 
common source. Effective supervision should include 
—(a) a knowledge of the origin, character, and “life* 
history ” of the water; (6) the periodical and syste¬ 
matic inspection of the source and gathering ground, 
including any waterworks, pumps, reservoirs, adits, 
etc.; (c) the chemical and Imcteriological examination 
of the water, sampled from various points of the 
system; (d) the control of any storage-tanks and 
hlter-b^s used for purification purposes; and (e) 
periodical inspection of distributive channels, house- 
cisterns, eta Much may bft done to protect public 
water supplies from pollution or nusmanagement, 
and still more so the supply derived from wells. ' 

Iq a memorandum dated Docember, 1887, addressed to. 
District Oonndlfl, the L.O-.B, observes 

*'The Oonnei! . . . should by careful inqairy make 
theraseWei acquainted with the sources, nature, and quality 
of the water sopplies in all parts of their district, and, in 
every case in which the rAsuft of their Inquiries is unsatis* 
factory, should take all such steps as may be within their 
powe^ with the view of supplementing or Improving tiie 
snppUea, . . . Accurate information should m procured, 
if not ^ready available, in surii matten as the following 
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** 1. Whfrc itattr m derived from aalherinff ground or from 
tpringo. Whether druiiiaKe from hiimon habitatioTie, fomv 
yards, and the like finds its way directly or indiiectiy into 
the roMarvoir or to any piirt of the water st-rvico; and whether 
riek of acet^ss to the water of human excreta and eimilar 
refuau is likely to arinc. ^ 

“ 2. Wherr icrttff in derived from deep wUs. Whether 
surface or other water lialde to be contaminatod by drains, 
sewers, cesspouls, and the like reaches, or is liable to reac'h, 
the wells. The existence and diri'ction of fissures in the 
strata dc-serro a special consideration in thisi'OHpect. 

“3. Where v'ater in derived from shallow icclU. Whether 
the welts aro so circutnstanccd that they run risk of con* 
tamination by roason of dmins, privies, ccsspooll, or middens, 
,or by deposit of manui'o—whether derived from human 
excreta or not—in or on tin; ground in the neighbourhood of 
the wslls.” 

Ill England and Wales tlu! law respecting water 
supplies is eontaiued in the Public Health Act, 187"), 
ss. 51-70and 176 (p. 689), the Public Health (Water) 
Act, 1878 (p. 101), the Hivors Pollution Preven¬ 
tion Act, 1893 (p. G2'3), and the Local Government 
Act, J 894 (s. 8 empowers Parish Councils to provide 
water supplies). The Metropolis Water Act(p. 191) 
and the Public Health (London) Act (p. 638) deal 
with thelnetropolitan water supply. 

fn Scotland many of the provisions of these 
enactments find expres^on^’in the Public Health 
(Scotland) Act, 1897. 
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FOOD 

The purpose of food in the body economy is three¬ 
fold—(ft) the piwluction of heat; (b) the production 
of energy; «({;) the buil(ling>up and repair of tlio 
tissues. It is therefore fuel and repair material. 

The essential coiistitu’ents of all food suhstances, 
animal, vegetable, and mineral, are claK.siHed as— 

1. Nitrogenous, including the animal and vege¬ 

table albuminoids (proteins) and gelatin. 

2. Fatty (including animal and vegetable fats 

and oils) and carbohydrates (including 
starch and the sugars). 

3. Salts, organic and inorganic. 

4. Water. ^ 

1. Nltrofrenoua food.—Proteins arc converted 
by the action of the gastric and pancreatic juices into 
soluble {»ej>tone8, which are absorbed and used for 
the nutrition and repair of*the nitrogenous tissues, 
and also in some degree for the production of heat 
and the functional activity of the system. During 
life the nitrogen is eventually eliminated in the 
urine (as urea or urates) and in the fffices. Fat is 
another product of the splitting-up of albumin, 
and ito hydrogen and carbon ultimately go to form 
carbonic acid and water. Muscular exertion does not 
increase the demand for nitrogen or the excretion 
of urea, these being fairly constant in a given healthy 
individual under suitable diet, whether working or not. 
Asidmilation of excess of ni^ogen, in the abMnce of 
96 
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exorcise, is apt to load to imperfect oxidation, with 
formatioTi of urates and uric acid i-ather than urea. 
Other consequences iire engorgement of the liver and 
general plethora, pyrexia, tendency to diarrhoea and, 
ultimately, to a gouty condition. 

Deficiency of nitrogen leads to dimifiution of cir¬ 
culating albumin, antetnio, loss of weight, and impair¬ 
ment of energy and stamina. Ultimately the tissue 
albumin, and especially that of the muscles, is induced. 

Nitrogenous food is therefore essential for the 
growth, maintenaiiiM}, repair, and functional activity 
of the tissues, and contributes in som^ measure to 
tlm production of heat and force.* 

.2. Fat» and cnrhohydrateti supply the oxidi^;- 
able material for the production of heat and force, and 
are ultimately eliminated as carl>omc add and water. 
They aid in the nutrition of the tissues and in the 
excretion of waste material. An excess of either 
lessens oxidation of nitregenous matter and leads to 
storage of fat in the tissues; deficiency cauiu^ increased 
metabolism of circulating albumin, loss of weight, 
and impairment of nutrition. Sugars, starches, and 
certain other .substances ore termed carhohyd/rat^^, 
because^heir molecule contains (besides carbon) twice 
as many atoms of hydre^n as of oxygen, and may 
therefore be repre^nte^ einpirically as C^(H 20 )b, or 
carl>on plu» water. Glucose is cane sugar 

OijHjjOii, and starch Fats and oils (animal 

or vegetable) contain much less oxygen in proportion 
to their carbon and liydrogen, stearin, lor examnie, 
being 0,1 Carbohydrates are more readily 

assimilated than fats, but have a lower nutnUve 
value by at least 40 per cent. They are cemverted into 
grape-sugar by the digestive processes.* As a rule, 

* Q«Utln ippeMs to Iw capable of replaetog'tbe cirealating albosUo, 
bat not -of forniifls time albumin or repairing fta mate. Its noMttve 
valM is said to b(i abont oae-foorUi of that of albumin. Slsaetion coo* 
it into f sort of peptone, wbicb does not gelatinise. 
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nutrition ultimately wifters if either fats or curbo* 
hydrates are withheld; but to a certain extent tliey 
are interchangeable, and the diet of the Kskimo con- 
tains little or no carbohydrate. 

Fat as a ttssue is useful for its mechanical proper¬ 
ties—namely, non-conduction of heat, lubrication, and 
soft elastic pressure; in exce.ss it becomes a source of 
inconvenience oi’ danger, as in extreme obesity and in 
fatty infiltration of the heart. 

Muscular contraction is the source of animal 
heat as well as of force, and the heat generated is 
four times %\w heat-equivalent of the work done. 
Although the hydrocarbonous matter supplies the 
fuel ’* for these purjjoses, it is necessary that a certaiti 
amount of nitrogenous matter be associated with it. 

3. Salt*. —Lime, potash, and soda are essential- 
lime for bone-formation and cell-growth, potash for 
nutrition of formed tiHSues, so<la for Huid tissues.'* 
Iron in small quantity is requireil for formation of 
the colouring matter of the blood (haemoglobin). 

Chlorides and phasphates are indispensable. Salts 
of oi^nic acids (lactates, tartraU^s, citrates, malates, 
acetates), which ai*e oxidized into carbonates in the 
system, are important as maintaining the atkalinity 
of the blood. 

4. Water constitutes t^'o-thirds of the whole 
weight of the iKsJy, and forms part of every tissue. 
By its agency fo(^ is dissolved and carried to the 
tissues, waste products ore removed and excreted, 
nutrition and chemical changes are rendered possible, 
and the tem^ierature of the b^y is regulated by means 
of evaporation. 

Stimulants and condiments ore not essential con¬ 
stituents of a complete dietary. 

IHeCarles*—Hutchison distinguishes four cri- 

* A veflBtaMe diet caUe for edditiOMl eodiom Mite, to reske op lb 
the IseraeMd of Uiom doe to the eseeM or poUaeltirtt mH 

•up^ied. 

H 
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t«ria of the value of a flietiRry~(<f) choinical, turning 
upon nutritive constituents as above; (b) physical, 
whicii measures the value of a food by the amount 
of boat producotl by complete combustion ; (c) physio¬ 
logical, i.e. assiiniiability ; and (</) economic, nutritive 
value as compsire<l with cost. Only t|^e second of 
these calls for further comment here. Food material 
burnt in th(» body product's the same amount of heat 
as if burnt in a funm(!e. Now, the unit of heat- 
prrKluction or fuel value is the kilo-ciilorie, or as it 
is generally termed the Cafoi'ie —that is, the amount 
of heat rotjuired to raist< 1 kilogramme (i^bout 2J lb.) 
of water 1' (J. Hubner has shown that the hejvt-vjjlue 
of I grm, (• 15J, grains) of protein and I grin, of car- 
Isdiyilrate is 41 Calories each, ami of 1 grm. of fat 
is 9'^{ Calories. Multiplying the percentage of pro¬ 
tein and carbohydrate wliicli a food contains by 4*1 
and the fat by 9 3 gives tlu* total Calories jnn’ 100 
parts of the food in (piestion. Kor example, if 
100 grm. of milk contain '2 of protein, 4 of fat, 
and ,0 of carlsdiydratf?, .the Calories would be—of 
protein 8 2, of fat 37 2, and of carbohydrate 24 0, 
or a total of 70 0 |)er 100 grm. 

Kopkins has suggest'd as a standard that whilst 
2,r)00 Calories are necessary for a p<u*son at rest or 
in sedentary occupation, 3,S00 Calories are required 
for a person doing tndllerate muscular work, and 
1,000 or more Calories in hard labour. Chittenden 
considers that the current estimations of the amount 
of protein and total fuel-value necessar}’ for hard 
work are oxceasive. For hard work all the chief 
constituents of food may be incriiased, but there is 
evidence to show that about 80 [>er cent, of muscular 
energy is derived from fat and carboliyd rates. For 
mental work the digestibility of food is of greater 
concern to tlie brain-worker than chemical com^ 
aition (Ifntehison), Reduction on a muscular diet 
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should, however, aflect fats aiul carbohydrates more 
than prottdns (of wliich 125 gmi. are necessary per 
irian |>er diem). As already rejuarki^d, age and sex 
exert a inarke<l iiiHucnce upon <lieU*tic reiiuireineiits. 
The same must be said in I’espeot of climate, season, 
and personal peculiarity. 

Tliere are two chief requireumuits in a nutritioUK 
daily diet for a healthy man doing a modorab; amount 
of work. First, it must contain fo<xl which will 
provule .sufficient ei\ergy (average 3,r)(,)0 Calories); and 
iM?condly, it must provide for tlu* upk(*ep and repair 
of the tif&nos of the body (average 125 grin, of 
piotein, 500 grin, of carbohydrate.s, and 50 grm. 
of fat). Such a standard, according to liiitehisoii, 
yields carbon, nitrogi-n, and Calories as follows:— 


l*i'i I’roU iii . . . 

IrW CiirlK>|i)ilrat('> 

,, Fat .... 

'IV.Jal . . . . 


Carljoii 


(iH;:riii.). : (in Kiin.). 





I’li.Vf 



;u«i 

3(«7'> 


These (juanlitie.s may l>e expre.ssed in Kiigli^t ounces 
a.s \ oz. of protein, 2 o/.. of fat, and 18oz. of carlio* 
hydrates, making 24 oz. of Jry food <laiJy. 

From the chemical standpoint authorities suggest 
that a daily diebiry for a male adult should lie corn- 
|>osed somewhat a.s follows :— 


{tent . . 
M'identc 
work 

Hftrd work 
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» I 


{lenotin 

Fat. 

"Sr 

{ Snch II di^t would 

1 fonUiii 
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NitroKfii 

. Carlion. 

3 us. 1 

1| l)Z. 

12 OS. J 1 OS. j 

200 Ur. 

I.IKM gr. 

.. 

3 .. 

15 i 11 .. ’ 

WO „ 

i 5,000 „ 
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■100 

1 0,000 „ 
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These amounts &ve only approximate. The 
cessity for so ji^reat an increase of nitrogen during 
hard work in open to question, and on the other hand 
the hard-work standard of carbon in the above table 
is low. More foo<l, especially fat, is needed in cold 
climates, lew in hot. * 

All the ingwMUents are supposed to be water-free, 
but would, in practice, be combined with at least their 
own weight of water, rai-sing the total daily weight of 
solid food to 40 or 50 oz. In addition to this 50 to 80 


CiiKMt4'At. OtMi'iMiTiUN (Ari-RijxiMATic) >>r CRUTAfa Fooa 

St’tWTAS'RH 





s 

si 

Fatty. 

H 

i 

1 

•ueS 

■tmtK 

1 


75 

:*o 




190 

1,900; 

with little fit (tincimki'd) . t 

.1 •> 

... 


Avemgu meat* (luu’ookedi, 

75 

15 

8-5 


1*5 



Roast meat. 

Very fat meat* .... 

5.5 


15 






14 

19 


4 

,, 


Pat pork . 

40 

10 

r,0 


2 

100 

4,000 

Halt uorki. 

Salt Wft. 

45 

25 

7 


25 

390 

1,300 

50 

SO 

0-2 


20 

825 

1,115 

White Hall . • . 

78 

18 

8 


1 

200 

875 

. 

74 

14 

11-5 


1 



Kotff milk. 

87 

4 

8*5 


0*5 

45 

600 

Skim milk. 

M) 

■t 

2 


0-8 

45 

450 

Cheese • . . 

V 

83 

24 


6*5 

300 

S,K)0 

Batter •. 

«: 

0*1 

90 


2*5 


6,500 

Bread. 

40 

8 

1-6 

50 

1*5 

90 

3.000 

Flour . 

15 

n 

2 

70 

1*7 

120 

3.700 

Oatmeal. 

15 

18 

6 

65 

8 

140 

2,800 

Indian meal .... 

14 

10 

7 

65 

1*5 

120 

8,000 

Peaa (dry). 

15 

22 

2 


2*5 

350 

2,700 

Qreen v^tablei 

90 

0-2 

O'd 

6 

07 

14 

420 

Carrots .... 

85 

0-6 

0-2 

8*5 

07 

14 

500 

Potatoae. 

75 

1'5 

0-1 

S3 


83 

770 

Rise. 

10 

5 

0*8 

88 

0*5 

TO 

3,700 

8, loot 

Sugar . 

S 

... 


96 

0*5 



* 30 per oent. should be ellowefl for boae, end 20 to 80 per cent more it 
lott itt enoking. 

t Brint 'liuoWts out mrosiu end other important eoeiOlttMatt. !nie 
.HimUee value oPnlt meat is not more than two-thirds timt of flresb meat. 
{ Mtlk-sogar fields only 8,800 grai&| of oarboo par lb. 
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oz. of water are taken as drink. A nan consnmes 
daily about of his weight of dry solid food and 
of water. Women are said to require about 8 
to 10 per cent, less than men, both of carbon and 
nitrogen. .Infants require nitrogenous and fatty foods 
with only a small proimrtion of carbohydrates, which 
is supplied by milk-sugar. A child of 10 yeais of 
age needs only half as much, but at 14 years quite 
as much, as a woman. The dietetic requirements of 
old age arc Just the reverse of those of childhood. 
Growing boys and girls require comparatively more 
food than adults imeause their bodies present a 
greater cooling surface in proportion to weight, and 
they have not only to make good daily loss of energy 
but also produce energy necessary for growth. 

The table on p. 100 supplies (a) types of nitro¬ 
genous, fatty, and carbohydrate foods, (b) the means 
of determining how far a given dietary complies with 
the requirements stateil above, anil (c) the data for 
constructing a dietary that will satisfy these con¬ 
ditions. 

Thus, if the question should arise whether a daily 
allowance of 2 lb. bread and ^ lb. ebeese is.a sufficient 
diet for a man in easy work, the calculation may Im! 
made on a chemical basis as follows 

100 oz. bread contain therefore ltd oz. contain 

Nitro. Fat. Carb.*hyd. NItro. Fat. Carb.*liyil 

8 oz. oz. 50 oz. 2'd oz. 0-5 oz. 16 oz. 

100 oz. cheeso contain therefore 8 oz. contain 

33 oz. 21 oz. 0 oz. 2*6 oz. 1'9 ost. 0 oz. 

5*1 oz. 2*4 oz. 16 oz. 

Wheroaa the theoretical amounts re¬ 
quired for moderate work are . . . 4*5 oz. 3 oz. 15 oz. 

The coitcltiaion to be drawn is that such a diet i>i 
sufficient as regards the nitrogenous matter and carl'O 
hydrates, but wanting in fat. 
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A still rmtlier method is to crticulate the nmoiiiit of 
carbon and nitro^'cn, tliiis :— 

1 11). liriwl coiitainH thon foro '1 lb. contJiiii 

Nitroifun. Ciirtioii. Nitruireu. Carlion. 

tblfTi-. 2,000 ^1-. laOgr. 4,000 «:r. 

1 II). i'h(‘cSLr C'lilain.s llicrrf*jH' lb. t'r*nt!unn 

300 jrr. ;i,300;fr. 1-50 J,(»yOiri-. 

:)30 '),0:)O 

I'hc thooretiuil .iinounlM of c:;{rboi) and 
nilro^on ri'qiiiro<l formoderaliMvork 

.;{00 o.OOO 

• 

' Henoo, if w(! leave out of consideration the difl'wr' 
ences between fats and carbohydrates, the diet more 
than satislies the theoretical ropiireniunts. 

rin* problem may also be prcsentc<I the otJjor way 
roiiml. W'^hat (juaiitity of bread and // of cliccati 
would be sutlioient for an ordinary diet ? Tim rmjuire- 
ments ai'o .‘100 gr. of introgen and 5,000 of carbon ■, 
and .)■ lb. of luHSiwl eontjiin 00 x x gi-. of nitrog<;n 
and 2,900 X .)• gr. of carbon, wliilc 1 / lb. <)£ cheese 
yield 300 x y gr. of nitrogen and 3,300 x y gr. 
of carbon. Kence we have a simultaneous equation - 

• DO.*' + :!o0y = 300 

2,000..- + 3,300;^ = 5,000 

giving iw approximate \tilu»*8 a; =s 1 ” lb. and 

//=i H>. 

It has Imen found o-xperinmiitally that the energy 
which is develoiwd by oxidation is for one ounce of 
lean meat almut 50 foot-tons,* of carlwhydrates 150 
foot-tons, and of fats 300 foot-tons. In this relation 
it shouhl not be forgotten that the oxidation of food 
in the system is by no means complete, oven as i*c- 
p^rds that portion whh'h is assimilated. 

In civlculating the iisecliaiilcul work done, that 
of respiratiop, circulation, and locomotion must be 

* A /Mf-toii in thn furce roqtiirod to mt.sc 1 ton to a height uf 1 foot 
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taken into account, as well as the load carried or lifted. 
According to ffaughton and Parkes the force exerted 
daily in resjdration, circulation, and other “ uiternal ” 
work is about 2(>0 foot-tons ; and in addition to this a 
strong man •an do extermd work efjuivalcnt to 300 to 
oOO foot-tons more per day. Walking along a h'vel 
road at 3 milo.s per hour is eipiivalent to climbing 
vcrticjilly of the distance traversal; at I miles, 
,‘j. Hence, if a man weighing W Ih. carries a 
load of X 11>. on a horizontal track for D at 
3 miles |*‘r hour, he cx(*rts energy ctjuivalent 

to f»)ol-tons in so doing. A march of 20 

•i0x22lU 

miles along tin* level inxolves woi k iMjuivalent to 350 
foot-tons, biking the weight of the as 150 lb. 
If a load of GO 11). is added, the work is 500 foot-tons. 
The whole work <lone, <‘stimated in tliis way, rt^presents 
only one-seventh of the force thwietically obtainable 
from the food by coinl)u.stioii. Tlie tmergy expended 
in a fair day's work is al)out one fifth mechafiical 
labour to four-fiftlis hesit (Marfm). Lindsay, Carver, 
and Ferguson liave shown that the average daily 
energy value of the dietary of the labouring class in 
Glasgow and llirniinghani respectively is deficient 
in Calories. 

Reintive of food. The value of food 

differs OA purcliased, as eaten, and as digested. Of 
100 grm, of protein swallowed, 2*5 to 25 per cent, 
passes unchanged through tlie alimentary canal. 
This ^presents therefoi*e a loss, which vanes with 
dilfereiit foods. The proportion utilized is higher 
for animal than vegetable food. Benedict calculates 
that 92 per cent, of protein, 95 j)er cent, of fat, and 
98 per cent of carbohydrate are digested, and Lang- 
worthy has standardized a diet for mociet*ate work 
thus : As purchased, 3,^00 Calories; as eaten, 3,500 
Calories; and as digested, 3,200 Calories. 
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Animal is geiun'ally held to possess certain ad* 
viuitages over vegetable foo(h of which the most 
certain are tlic reiuly supply of blood-pigment, the 
larger peiventage of proteins, the greater digestibility 
of animal fats, and the smaller bulk icquimi. A 
vegetable dietary, unless carefully selected, is apt to 
contain insulHoient nitrogen, but it is rich in carbo¬ 
hydrates. it is, however, bulky, h^ssdigestible in the 
stomach, and less completely absorbeil. The supposed 
inferior nutritive value of vegetable albuminoids is 
not so clear, although they are probably le»; rapidly 
digested; ami a well-fetl vcgetalde cuter may display 
for a time as perfect health and energy as a nn^ut-eater. * 
On the otlntr hand, the argument from analogy witli 
the herbivora, soiim of which are types of activity, 
loses weight from the inability of man to digest ctdlu- 
lose. The coirsistcnt vegetarian niu.st either live on a 
diet deheient in protein or consume an excessive bulk 
of focKl. Tlie adoption of the former coui'se tends to 
diininisli energy and tissue resistance, and the latter 
i.s likely to lead to derangement of the digestive 
organs. 

A committee of the Hoyal Society (lilId) have 
suggcsteiT the following methods of economising the 
foM supply |>er capita in tin)p of war : {a) A letter 
recovery of flour in milling (from 70 to 80 |)ercent.); 
(6) an inci'oitfcd economy in meat production; (c) an 
increase in protein available for human consumption 
by increasing the manufacture of cheese, if ne^ be 
at the expense of butter-making (I gallon of milk 
makes J lb. of butter or 1 lb. of cheese); («f) use 
as food of materials employed in brewing and dis¬ 
tilling ; and (e) the diversion to human food of some 
material commonly used for stock-feeding. 

IQorbld condttioaa dependent upon dlet«— 

* V^tkriftuiMn u ortUiikrily pnetUed does not exelodo uiiinal hta, 
or «rrn AlbuminnMs; milk, hatMr, a<i)t^rhc«w tiM<t UrMily. 

« 
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An excess of food, (iue to too large or too frequent meals, 
may accumulate in the intestine, causing fermentation 
and also dyspepsia, with constipation or inefiective, 
diari'haia. Gout, obesity, gall-stones, and otljer con¬ 
ditions may t^so arise from excess of food. Absorption 
of the products of putrefaction may give rise to u 
septic condition niarkcil by pyrexia, furred tongue, 
fetid breath, heaviness, and possibly jaundice. Dis¬ 
eases of the blood may also lie caused by retention 
of waste products in the intestine, as for instance 
when chloro|iB follows constipation. The eflecta of 
excessive or deHcient assimilation of nitrogenous and 
carbonaceous food have ala^y been considered. 

Protracted iiisufliciency of diet is followed by wasting 
of the tissuc8(tnani/!/o?t)‘ Adiposetissne is naturallythe 
Hrst to sulfer, and may be almost completely absorbed, 
the other tissues following mainly in the inverse order 
of their im|K>rtanc(( to Iif(>. The urine still contains 
urea and mates, from oxidation of tissue, first of the 
circulating albumin, afterwards of tissue albumin. 
Physical and mental weakness ensue, followed by 
anaimia and an adynamic condition that [lowerfiilly 
pi'edisposcs to certain diseases, notably relapsing 
fever, phthisis, and pneumonia, and |>erhaps to 
all infectious diseases. Diarrhoea is apt to occur, 
adding still further to the {^noral emaciation and 
prostration. Ophthalmia, stomatitis, ulocra, and skin 
diseases of vaiious kinds are common; and any 
disease that may have obtain^ a hold upon the 
system is aggravated by the impairment of nutrition. 
Death ensues when the loss reaches about 40 per cent, 
of the normal weight of the body. 

Apart from parasitic poison and infection, there 
are two well-marked morbid conditions that are almost 
always attributable to the absence of essential elements 
of diet These two are rickets and scurvy. 

Rkkets occurs in children fed upon a diet in 
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which there is undue adiiiixture of starcliy food, an(i 
a deficiency in fat and proteins. Starch cannot be 
digested )>y young infants, and its administmtion is 
not only useless but Jiabh; to cause diarrluea, which 
interferes with the (ligestion of other food. Prolonged 
indigestion has much to do with the cause of rickets. 
Even ai>art from this, an excess of starch or other 
carbohydrate lias an iujurioua effect upoii nutrition. 
Lack of fat in dietary and want of sutiiciont air¬ 
space are chielly responsible for the pi'ovalcnce of 
rickets among the jKiorer lal>ouriug classes. 

Scurvy does not occur wlum fh(5 diet includes 
plenjby of fr««h vegetabhis and fruits or their juices, 
or even preserved vcgetabl(;.s and fruits. 'I'he blood 
or raw Hesh of recently killed animats is credited with 
considemble anti-scorbutic power. Citrate, tartiute, 
and nialatc) of potish ai-ealso pn.'ventivcs, and, to a less 
degree, lactate and acetate. (^irl>ouate of potash is 
inert. The disease affects underfed men more I’eadily, 
but, cannot l>e checked by increase in the supply of 
nitrogenous food, carbohydmt^s, or fat. The fault 
probal)ly rests with tin? supply of salts, and, as 
scnrvy»occui’K when tliero is no lack of phosphates 
or sodium chloride, potash and organic acids alone of 
the ordinary salines are mi.ising. 'I'hc salts of organic 
acids dider from tliose Sf mineml acids in one impor¬ 
tant particular, namely, their oxidation in the blood to 
form carbonates with alkaline reaction, although they 
may have been neutral or acitl originally. Thus the 
citric acid and citrate of pobuth, which are the prin¬ 
cipal constituents of limo-jiiice,' arc oxidized into 
carbonic acid, whicli is removed by the lungs, and 
(alkaline) potassium c^irbonatc. Potatoes arc efficieut 
antiscorbutics, and contain a large pro{X)i*tion of 
organic acid, salts of potash, soda, and lime. The 
absence of land scurvy at the present time may not 
unreasonably l)e attributed in great measure to the 
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univt^rsal use of potatoes, und other fresh vegetables 
and fruit s, as articles of food. 

Meat 

The variations in the nutritive qiiuiitics of meat 
ie|>(md u|.>on the age of the aniiirn), tin? state of its 
lutritiou at the time, of slaughter, and the, proportion 
:>f fat. Well-feKi prime meat eontains morealbumin- 
)ids and less eonneetivi? tissue tliaii Unit whieh is 
taken from animals that are l)adly fed, disejisod, or 
too old or too^oung. I'lu* proportion of fat, roughly 
spr?aking, ranges from oO jier cent, in fat pigs or sheep 
to .'13 per cent, in fat oxen or lani)>s, and lb per cent, 
in calves. Absmice of fat is largely comjHMisated for 
hy presence of lulditional water, so that tlie niti-ogen 
remains fairly constant. A.s a rule, “ white meat,” 
«ueh as fowl and rabbit, is less nitrogenous, more 
U?uder, and more digestible than “n?d nnjat,” sueb as 
heef, mutton, and game. TJie latter Iwcome more 
tender if kej)t until rij/or/nor/wgives place to incipient 
putrefactive changers. 

Reintioii to —The ll<?sh of animals 

sufleriiig from any influinimitory (lisejuso is watery and 
innutritions, discoloure<l, possesses a stahi islour, and 
decomposes ru{)idly. The use of such meat is liable 
to cause alimentary distnrban8(i. The same applies, 
more or less, to animals ema<?iated from any caus(?. 
In some {Ktrsons acut<? dyspepsia and diarrheea arc 
caused by apparently nomal meat of certain kinds, 
usually jmrk or mutton. As a'rule, meat in any 
stage of jmtrefaction (the signs of which are smell, 
discoloration, and loss of elasticity) is liable to cause 
iwute gastro-intestinal irritation, und other manifesta¬ 
tions of septic i>oiHODing, the prominent symptoms 
being vomiting, diarrhoea, cramps, prostration, pyrexia, 
with weak and irregular pulse. Meat in an early 
iitage of decomposition is frequently more toxic tlian 
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when more advanced. It ia not, however, easy t 
account fur the impunity with which certain kind 
of food, venison and game for instance, are habitual!; 
consumed in a state of early decomposition. It i 
probable that the toxic products are^not present ii 
anything like the same degree as in ordinary meat 
and it is possible that such products, and evei 
the causal organisms, are different. Certain para 
sites, to which further I'efereuce is made in a late 
section, ai'e clearly tmnstnissible to man, and thei'efoiv 
suffice to render the whole carcass unfi( for food ; th< 
chief being the TVr'ntVc in beef, mutton, and pork 
and Trichimn in “measly ” pork. Sheep are liable t< 
Stromjijhts filaria in the lungs, DUtoma hepaticuiu ii 
tlie liver, and Cmiunm cere.bralis in the brain; bu 
the presence of these is held to require only tin 
renioval of the aflected organs. 

Accident, parturition, orpuraly local diseases, sue! 
us apoplexy or intestinal oWiruction, do not neces 
sarjly render a carcass,unfit for food, provided tha 
the animal has iie<'!n slaughtered before any infiam 
inatoiy or other constitutional mischief lias occurred 
An ajitmal that has died with the blood in it if 
presumably iliseasod, and it is customary to condemr 
such a earcasH on that aacount, and because decom 
position rapidly sets iif. The flesh of animals afifectec 
with any acute specific disease should be rejected, not 
only upon the grounds already stated with reference U. 
inflammatory diseases, but also on account of the risli 
of imparting the. specific malady. Anthrax has beer 
thought to be so transmitted, and there is strong sua 
picion that actinomycosis has been similarly conveyed. 
Generally, it may be said that the transmission o1 
disease by meat foods is best illustrated in bacterial 
foo<l-poisoniqg and tuberculosis. 

Bacicrial food-poisoning. — At Welbeck. 
Notts, in June, 1880, % large number of personc 
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were taken ill after eating eonie ham at a public 
luncheon. Ballard found that this was tlie only 
condition common to all the sufferers. The onset 
nccnrred in some cases suddenly, for the most part 
between twelve and thirty •si.’i hours later. The 
symptoms included violent diarrhoea, vomiting, and 
abdominal pain, usually accompanied or followed by 
pyrexia, thirst, headache, cram|)S in the limbs, cold 
sweats, and great-prostration. Particukre w'ore ob¬ 
tained of 7 2 cases, of which 4 were fatal- The ham 
was observed to have a disagreeable taste, but was not 
suspected to bfftainteol. It had been exposed to sewer 
air. Klein found spores and bacilli in the muscular 
libres of the suspected ham, and similar baeilli 
in the kidney of a man who died of the disease. 
Dogs, cats, rabbits, guinoapigs, and white mice were 
fed upon the ham, and nearly all developeol pneu 
raonia and other symptoms; inoculation of white mice 
and guineapigs gave the same result. Cultures were 
made, and guineapigs and white mice which were fed 
or inoculat^ therewith presented the same symptoms. 

A second series of cases occurred in Nottingham, 
in February, 1881, among persona who had partaken 
of some hot baked |»rk. Fifteen were attacked, and 
one died. Tlie time and mode of onset, and the 
general character of the symptoms, were similar to 
those noted in the Welbeck outbreak. Net all the 
persons who ate of the pork were taken ill. Klein 
examined the tissues of the fatal case referred to 
above, and found the Welbeck bacilli in the blood, 
pericardial fluid, lungs, spleen, kidney, and elsewhere. 
Cultures inoculated into mice and guineapigs caused 
pneumonia and odier symptoms in all; ana the bacilli 
were found in the blood and exudations. 

These two outbreaks drew attention to the whole 
question of meat poisoning. In 1888 Oaertner iso¬ 
lated BaaiUut mterilidU from meat poiatmiag cases, 
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and in 1896 Krmeugem discovered B. botnlinns in 
.sausage-poisoning cases. Since 1880 a very large 
nuinl>er of such epidemics have l)ecn investigated. 
Soin<i of the more ty[)ioal ourhreaks in this country 
may be tahulatenl thus:— 
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h^ach outbreak has^shown more or less clearly the 
characters common to these epidemics—I, simub 
taiieous attacks; 2, similarity of symptoms and 
post-mortem signs; 3, a history of infection in 
common. The usual symptoms include rigors, faint¬ 
ness, vomiting, iliarrlima, abdominal pain, and occa¬ 
sionally skin eruptions. As a rule, certain nervous 
conditions have supervened, such as giddiness, head¬ 
ache, prostiation, mental depression, etc., and occasion¬ 
ally these symptoms have been predominant. 

Meat poi«>niog may be due to (a) chemical 
[misons shch as lead or arsenic (from tinned goods, 
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etc.); (6) specific iufective diseasen, e.f(. septic^inia or 
tuberculosis; or (c) bacteria or tlieii* toxins. Thi* 
third group is that now described hs “ bacterial food- 
poisoning.” The incubation period i.s short, C-12 
hours. ill general, bacterial poisoning (infection) 
manifests a Jonger incubation periiKl than toxin 
poisoning (intoxication), and the longi*r the period 
from initial contamination to the consumption of the 
food the shortt-T the incubation period. Secondary 
infection is rare, and there is no sjiecial incidence 
on age or sex. The infectivity-rate is high, an’d tlH‘ 
fatality-rate varies widely. Outbreaks of this kind 
^H^cur most commonly in the summer. The poisonous 
meat is usually derived from pigs or cattle. The 
bacteria concerned in food poisoning ar«* classified by 
Savage in th!v*e groujis : 

(i.) The Oaertner group—/A ente.ritidi^, Ji. mi- 
pestifpr, H. }>aratyphomn n, awl H. vu>r- 
bijicam hovis. 

(ii.) The non • Oaertner grouj) -- /A protenn^ 
11. cdi. 

(iii.) fi. bofnlintitt. 

Hainbridge showwl that paratyphoid fever (/^ para- 
iyphorn^^ A and b) is a morbid condition separate 
from meat poisohing, having a longer incuWioii 
period, and lieing an infection similar to typhoid 
and conveyed by human carriers. The evidence 
implicating /A protects and /A coli in meat poisoning 
is not conclusive. They may be organisms of asso¬ 
ciation only. Rotnlism is extremely rare in this 
country, 

B. tnteritidia ((htertner). Charactfein similar to B. typhomt 
(morphology, and staining properties), but grows 

more rapidly in gelatin; fewer flagella; ferments lactose and 
sometimes dextrose; does not produce indolor coagulate milk; 
positive neutral-red reaction; in litmus whey or litmus broth, 
acid is first produced, and then the medium becomes distinctly 
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alkaline. Virulent to rodente and small animals (g;astro- 
intestinul svmproms, haemorrhagic onteritis and swelling of 
lyraph folliclo>t). Forms no spores, and therefore cannot stand 
very high temperatures (killed at 70" 0. in one minute). It 
produces agglutinating properties in the blood of the patient 
and is separable from paratyphoid bacilli by this test. Multi- 
plies wita great rapidity in moat foods, and ca% thrive in such 
media for long periods. 

B. botuliMMu (Grmciigom). Van Ermengem describes, under 
the name of l)Otuli8in, a stale brought about by the ingestion 
of mrious articles of food, such as liatn, tinned oi' preserved 
foods, oysters, mussels, etc., and charactnrimHi by coni])HrH» 
tively slow onset (12-24 hours after infection), secretory 
troubles, paralysis of certain muscles, particularly of tongue 
and pharynx, dilatation of pupil, aphonia, d^’sphagla, con* 
stipation, retention of urine, absence of imconscurnsness and 
of fever, etc. Botulism iliffcrs considerably from the more 
common form of food-poisoning with which we are acquainted 
in England, and which is ch traclerizod by practically the 
same symptoms as those of epidemic diarrhea. B. botuHnut 
is 4-9 fi long and 0*9-1'2 /u broad; round, slowly motile, 4-9 
higelU. Polar spoi'es, killed in thirty minutes at 80* C. 
Liquefies gelatin; does not coagulate milk; anaerobic: in 
cultures often produces g^ and a sour, ranoiil odour. Patho¬ 
genic for guinoapigs, rabbits, and other small animals. 

a. tntfritMia iporogenes of Klein, we under Epidemic Diar¬ 
rhoea, p. 449. 

It is now well established that the majority of 
the recognized outbreaks of meat-food poisoning are 
oaused by the H. mUritidw of Gaertiier. Dekpine 
held that in the Derby outbreak (1902) the presence 
of the bacillus in the pork pies was due to contomina- 
tion of the meat before it was cooked, and that the 
central parts of the pies were not thoroughly cooked. It 
frequently happens in these cases that some constituent 
part (such as jelly) of the manufactured article or pre¬ 
pared dish is really the polluted portion. Experience 
of meat-poisoning outbreaks leads to the conclusion 
that the meat has contracted its poiaonons properties 
in one or all of the following ways, visi. specific in¬ 
fection from animals suffering from disease, putrefac¬ 
tion or unsoundnesp the meat, uncleao prepara- 
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vion or storage in iiiainitary places, or insufiioieiit 
cooking. The methods of prevention are therefore 
obvious, namely: (a) meat inspection, (6) 8e|)aration 
of slaughter-houses from prejKiiation promises, (c) 
cleanlines.H in prej^aralion, ami {d) iioti6cati<>n of 
outbreak.s. ■» 

Wlitfix* thu M.O.H. berOTii-s nwiiro of tho ■wcummcu of u 
fonsiJftrililo numlwr of luacN of fooil jioiaoning in hi* distrirt, 
1 m' should n;poit it forthwith to tho L.G.B. Arti»-le xix. 
(IT)) of fiio LJl.B.’s Uonoral Order of iJocomher, 1910, and 
Article 18 (10) of the Suiiitiry (Mliiyrs (Lotehm) Order, 1891); 
and he la, tnorOj|vor, rtwjuinsi hy Article xix. (10) «>f the Order 
to fnniish I« the Board a <’Oj>y of any (‘pecial report or reports 
which he makes to hin Authoritj' on the results of his inquiries 
into tho imthrcuk. 

Tiibcri'iilOMjw*- -Tilts iliseaso is not up in animals 
by the tulatrclo bacillus, wliicli i.s eitlier identical with 
nr Jtn allied form of tho H. t.uhfin'ulosia of Ivocli. 

Tuberculosis is common atuong cattle, cspttcially 
if stall-fed, and is iiicrotisod by the practice of housing 
them with inadetjuat-o aiivapact! and ventilation. The 
iulierculin test has revealed the prt‘sence of tultercu 
losis in 30-50 per cent, of the cows of certain breeds 
in certain dairies. Investigations carried out4n 1902 
in all the cliief brfKKls in tins country showed that 
147 per cent. ni*e affected with tulK'rciilosis {Ged/Us). 
Probably the gimerai average !.s about 15-20 per cent. 
In London and other large cities, where a high 
deg!*ee of inspection is maintaincsl, and where there 
is no in-ljreeding, a very small and negligible nuiiibm' 
of the cows are tubercular. 

It has long been customary to exmdemu as unfit 
for food all parts of a ctu'cass in which tubercle is 
found, and the whole carcass if the disease be far 
advanced and the animal emaciated. Following the 
conclusions of the Paris Congress of 1888, many 
Authorities have adopted a more stringent standard, 
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ftnd condemn the whole carcass il there lie any tubercle 
in any part, no matter how alight or localiz^. 

The Royal Commission on Tuberculosis (1895) 
roiKirted in 1898 as follows:— 

“ The following principles should be ol)served in 
the ins|)ection of tu wrculoua carcasses cattle :— 


(ri) When there Im miliary tuber- . 

euloets of both lungs 
(/)) When tuboreulouN lesions are 
present on the ploura and peri¬ 
toneum . 

(/*) When tulsirculouH l<»sions arc 
prwieiit in the muscular Hyslom, y 
or in the Ivmphatio glands | 

" ombodd«'d in or between the 

luuselos. 

((/) When''tuberculous losiuns exist 
in any pait of au emaeiated 

carcttso . ' 

(rt) When the I<M>ion9 arc confined \ 
to the lungs and the thonude I 
lymphatic glands .1 

(&) When the lesions arc confined | 
to the liver 

(c) When* the lesions am confined 

to the pharyngeal lymphatic 
glands.I 

(d) W hen the h«ions are confined I 

to any oombinatiem of the 1 
foregoing, but are coUectivoly I 
small in extent a 


(tonorulixed tuber* 
cutosU is present, 
and the entire 
oafeasH and nil 
the organs nmy 
be seized. 


f^oealized tubercu¬ 
losis is present, 
and the caroiiss, 
if other wise 
healthy, shall not 
be condemned, 
but every part 
of it containing 
tuberculous le¬ 
sions shall N’! 
seized. 


** In view of the greater tendency to generalization 
of tuberoiiloeis in the pig, we consider that the presence 
of tubercular deposit in any degree should involve 
seizure of the whole carcass and of the organs. 

In respect of foreign dead meat, seizure shall 
ensue in every case where the pleurse have been 
‘•stripped.**’ 

The tubercle bacillus is most easily found in the 
glands, and tuberculous deposits in the muscles are 
very rare. The bacillus is scarce in the caseating 
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nodules. In the pig it is difficult to detect the bacilli, 
as a inile, though the disease is very common in that 
animal, aSecting chiefly the alidominal organs and the 
glands of the throat. It is rare in the shoe]). The 
Itoyal Commiasion rei)orted that “in tissues which 
goto form thoebutcher’s joint, the material of tubercle 
is not often found even where the organs (lungs, 
liver, .spleen, membranes, idc.) exhibit very advanced 
or generalized tuberculosis ; indewl, in mu.sele and 
muscle juice it is very seldom that tubercle bacilli are 
to be met with ; jierhaps they are somewhat more 
often to be discioered in bone, or in some small 
lymphatic gland embedded in intermuscular fat.” 
The chief wav in which such meat substance becomes 
infected with tuberelo appears to be through careless¬ 
ness in the butcher, who perchance sineai's the meat 
substance with a knife which has Wn used in cutting 
the organs, and so has become contaminated with 
infected material. “ Ordinary cooking, such as boiling 
and more especially roasting, though quite sufficient 
to sterilize the surface, and even the substance for a 
short distance from the surface of a joint, cannot lie 
relied upon to sterilize tubercular material included 
in the centre of rolls of meat, especially when these 
arc more than three pounds or four pounds weight. 
The least reliable method of ^king for this purpose 
is roasting before a fire; next comes roasting in an 
oven, and then boiling.” {Sima fVood/iead.) 

It should he added that whilst it is evident that 
tuberculosis is not greatly spread by the consumption 
of tuberculous meat, the Royal Commission of 1896 
definitely concluded that “ we must believe that any 
person who takes tuberculous matter into the body os 
food incurs some risk of acquiring tuberculous disease." 
In spite of Koch’s views to the contrary, which are dis¬ 
cus^ subsequently, that conclusion still represents, 
bioailly, the views of most authorities (see p. 474). 
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The Tuberculosis Order* 1913* issued by the Bonrd 
o( A^cultuiv, i-eqiiiros notiticatiun ot any cow which is, or 
appears to he. Nulfcriiit; fnaii tulteroiilo-sia of the midcr, in¬ 
durated udder, or otiior ohroriit- diseasi' of the udd«u': or any 
bovine animal whu-h ia, or npiacird to b<s suffering' from tuber* 
oiilosiH with emaciation. The notification must bo made by the 
owner or by any vclcnnavy wurf^con. Power i^ also given for 
voteriiutry oxatnination, application <>f tulieroulin tost, and 
Hatnpling tif dischargis, etc., for diagmwtic ptirponos. Where 
the Authority arc Sittintied of the existence of .such diseiise or 
of a cow g^^ing tuberculous milk. t)n-y must arrange for its 
slaughter with due compensation (ono-qnnrli‘r to three-quarters 
its value) under prescribed conditions. Provision is also made 
for th4^ detention and isolation of suspected animals at fairs, 
sales, and markets. • 

ol Kwod ins^af—It sliouU! l»e firm 
und ohistic, hut not touj;li, und it sliould not “ pit ’’ on 
pressure; atliinred inont juice (acid) will often exude 
in aniall quantity on st-tiuling; the meat substance 
should bo rod throughout, not pale, purple, oi* green ; 
marbled by layers of fat; free from jmrulont or gola- 
tinous fluid in the septa l>etween the muscular bands ; 
fr«‘8h ainl pleasant in smell, as testt'd by a clean skewer 
which has h^'on plunged into tlte interior. The rc'action 
should Ik; slightly acid. Tlie meat sliould “ set" within 
twenty-four hours,* The flesh is pale in pork, in young 
animals, and in those suffering from exhausting dis- 
eases ; dark in old animals, and tltose which have 
du^ with the blood in ihoni, and 9n inflamed parts; 
wet in dropsy, and often in inflammatory diseases. 
With commencing putrefaction the colour becomes 
pale, and the smell disagreeable; later the meat softens 
in parts and turns green. 

The liver, lungs, heart, and flesh should be examined 
for parasites; the head, stomach, and intestines for 
evidences of specific disease. The microscope would 

* HorM tt«Kt) itifty be (llflerentiatetl from beef by the foilowiDg 
charactt're: It <lo«!< not sot eo rapidly or m well. It U more tejidtnoiu 
ftsd ttbroua, conuiiie leiM fat. which ia <>Uyaii<l yellow, atid posseHseaa 
horeey siuell. The colour Is also more browo-red and less bright than tn 
aoand beef. 
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detect Cysticerci (nsiiaJly visible to the naked eye) and 
Trichina in muscle, and Sicphnnurna deHtatu$ in the 
brain. To demonstrate Trichina, a tliin section should 
bo put into liquor potassji* for a few minutes only 
until the nuiscle becomes translucent. The coiled 
embryo will be seen inside the capsule. 

Tiio fat should be linu, white, ami free from 
ha!morrhaj?<‘s ; nut yellow or ;{clatinous. 

I'at consists of olein, palmitin, and stcanii, which are 
respectively oleic .'icid, palmitic acid, and stearic acid, combined 

with f'lycerin as a base. Sloarin, aiolts at 

about O'V'C.; palmitin, at a variable point 

lielwcen loid ; olein. at C. 

FaU with a bijjh molting-jtoint, such as mutton fat, consisl 
mainly of ^te^rin; those with a low melting-point, such as 
Isicon fat. prineipally of olein 

Sausages arc liable to convey the saiuc discuses as 
the meat from which tluiy are made, hut there are 
no longer any imicro.scopic signs to guide us. In a 
fatal case at Chester, investigated i»y Jlullm'il, vio¬ 
lent symploins of giistro-intostinal irriUtion came on 
within half an hour of eating sausage which was 
found to contain an organic^chemical poison. There 
have since been similar crises. Decomposition may 
be detected by the smell, which is ma<lc more obvious 
by adding Itot water and lime-water. 

Preservatlou of meat may be effecte<1 fur a 
time— 

^1) By exclusion of air. The meat is dipped into 
boiling water ho as to form an impervious layer of 
coagulated albumin rn the surbice; or coated with 
paratiin, or simply with fat. 

(2) By injection of preservative solutions. Tlie 
blood-vessels arc injened tirst with water, then with a 
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solution of alum and aluminium chloride—or eyen 
sodium chloride. 

(3) By application of piescrvativcs to the surface. 
The meat may be covert^d with salt, sugar, Imric 
aci<l, l)oroglyceride, powdered charcoal,«woak carbolic 
acid, or other lixed antiseptic. Or it may Ije kept in 
a cioseii vessel containing volatile oils or antiseptics. 

(4) By pickling. Common salt, with a little 
potasHium nitrate, is rublx^l into the meat, or the 
latter is iinmcrse<l in strong brine. Water is 
abstracted, and the suit sicts as a |reservativc. 

(5) By drying. Meat is exposed in somewhat 
thin layers to dry air, or, still l>etWr, to the smoke 
from a wood tire. 

(6) By continutHis tfxposun* to cold (freexmy). 
Meat can be kept in a cold>air chaml>cr for an 
indetinite \)eriod, but decomposes mpidiy upon thaw 
ing if rigor mortis had set in before freezing. It 
is l>ettor to keep the tem|M?rature a little above 
frcezmg-iK>iiit {re/rigerattid or chilled meat), as 
actual freezing has cottain disadvantages. 

(7) By hermetically scaling in tin cases or other 
vesseU in vacHo, or in sterilized air. Various devices 
aro adopted to stenlizo the contents of the tins. 
Before sealing, air may^bo dmwii^off' and repla<x‘d by 
nitrogen and sulphurous acid, or by air which has 
been heated to 500® F., or l)y steam. Other pi*o- 
cesses aim at complete exclusion of air, or exclusion 
of part and removal of oxygen from the remainder 
by means of sodium sulphite, or at exclusion of all 
germdife by boiling. 

The dangers attending the use of pi’cserved meat 
ai*e those depending upon the original character of the 
meat, already i-efurred to, together wiUi lisk of putre¬ 
faction if the process is imperfectly carried out 
Tinned meat soraethncB gives rise within twelve hours 
to symptoms of acute gastro-intestina! irritation, viz 
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vomiting, purging, cramps, some degree of pyrexia, 
irregular pulse, and prostration. These ill effects may 
result from decomposition du(! to imijerfections in the 
process; and in this case the tin will allow signs ot 
pressure in .place of the usual vacuum (“blown” 
tins), and the meat may have an offensive smell and 
tasti^. Not infrequently, however, no such changes 
ate notiml, but salts of tin, me, or lead are found 
in the meat and jelly, due, no doubt, to the action 
of sodium chloride or organic acids upon the tin or 
solder, perhaps aided liy galvanic action. Dangers 
arising from the consumption of tinned food are due 
to changes in the food itself, the use of preservatives 
or colouring agents, or defects in the canning. 

Coohing brings about coagulation of the myosin 
and other albuminoids, renders the meat soft and 
tender by converting the connective tissue into gelatin, 
and reduces the amount of water and extractives. 
Iloiling in the ordinary way causes a loss of 25 per 
cent, or more, but most of the salts and soluble sub¬ 
stances may be retained by plunging the meat for five 
minutes into boiling water, and then continuing the 
cooking at a low temperature. The loss is.gieatcr 
in roasting than in baking, and least in boiling, 'flie 
various albuminoids coagulate at temperatures rang¬ 
ing from 85“ to 170“ F., Ihemoglobin at 100“. If, 
therefore, the temperature at any jmrt docs not reach 
100° the meat is underdone; and if it exceeds 170° the 
tissues shrink and liecome hard and indigestible. The 
best temperature is about 160“. Koastingalso entails 
a loss of about 25 per cent., but mainly of water, 
with some fat and a little gelatin. It is advisable first 
to expose meat to an intense heat and afterwards cook 
it slowly. Ordinary cooking or pickling affords little 
protection in meat infected with specific virus. 

IWeM l■spectto■. — The effectual ins|jectioo 
of meat really requires (a) veterinary inspection of 
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HiiimaU before Hlaughtor, and {b) ayKteraatic iiisp«v- 
tion ill some form of cleariin'-liouse of all market 
moat. In tlie absence of tlie.se two requirements, 
meat insjieetiori must iieuossarily l>e inconiplide. In 
some countries there is State iiiKpe^^ion, and all 
inarketalile nuMt l>oars an olticial stamp. In this 
country, however, thr? duty of iikniI in.s|ioction rests 
muinly witli th(> Ijoeal Authorities, the larger of 
which employ Meat Inspect4>rs speeiully qualified for 
the work. 

Qnn/i/ic«ftriins t./' Mtuii l/i-f/fi tm.'. 'I'lii- ui circuliir 

ietliTs aiiihoHsnl t<> Aiiihvri(i* s in iSil') and IDDI, stronjjly 
iirgcif tlmt Meat Inip^x-tuis shnuM i><* diit-cfod to ;i('i in JK ferd- 
iincc vvith the {.iihi'-ipli-s laid (iowii hy tiui U<>yal Uoinini.^Kion 
with ivg'iid lo Ihe cundemn.'ition and soi/ur«5 of meat nlloctod 
with tuh.'nuloMi8 qi. lU). riiid. I'liilher. that tlioy ?‘hoiild 
possosH pr<»pe>- (jn.ilitir ati'»iiK tor th< otth-f, inrlndin;'' 

;ince with— 

('1/ 'I'hc law ol imal iii^p<' liun. 

(/') The ii:ime.s and Hitnatioii.< of the organs of the bo<ly. 

(c) SigiiH of heiitth and di.si-ase in aniiUiilH deintinud fiii- 
food. hotli when iiii\e and after Klaiighter. 

Thci^ppearance and ehariictta- t>f frosh naat, i»rgims. 
fat and h!f>od. .and the eiindiliotiH rendering thorn, or 
preparations from them, tit or nntit for human food. 

Any luspoetor <d NnisuneeH or ^'anitary Inspector to whom 
either of those orders applies i> ii iiuirod in any caso of doubt 
in eonnoxion with tin* insiK^tion and seissuro of meat to report 
tho matter to the Medical UfHcer of lloalth, with the view of 
ohtiuning hi.s advie*- thei(s>n. 

Methods of inspection. Cursory ins|M‘ction will 
frequently inisleail, and it is de-siiuble for the Meat 
Inspector to perform his duties in a systematic 
manner. At the shiughter-house or in the wholesale 
market, meat may 1 m‘ examined as follows (written 
notes iieing made) - 

(rt) /iiitjjecMon of Oie cumesa.—Note in parti¬ 
cular the species of animal, the general 
character of the carcass, size, weight, cmaci- 
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ation, the cotidition of t)ie bonesy tlie pleura 
(and whether “ stripped ’’ or not), the peri¬ 
toneum, the kidneys, the supcrtioial and 
deep glands, llie colour .and condition of 
the, Hesh (to bo judged by the freshly cut 
surfac**), staining of the peritoneum owing to 
d<*coini>ositiou in the intestine,signs of dropsy 
or inflaiiiination, signs of drugging, (‘tc. 

(fi) InitfH'.f.tiou of thf inufttun {constihiiiny tJw 
—Tlic head: the lieari, lungs arnl 
lii^er (‘•plucks'): the spleen, udder, stom¬ 
ach, an<l intestines, should oaeli l»e examined 
if avuiliibh*. 

(<•) Tht iiKnif o/ ili'rMifi/iy lhi‘ co/’casN. Artificial 
inflation of emaciated tissues bv air, the 
smearing of fat over the surfiwar of tln^ 
carcass, stripping of tbe membranes, skilful 
dressing of ibe carcass, ami evident prepara 
(ion of it for market, gboiild all be noted. 
Sometimes methods ar<- adojiU-d to disguisi- 
the real conriition of meat on the one hand, 
and, on the other, meat forhnmajt consump¬ 
tion is dressed to a marketable stejidard. 
(d) Miscdlnuf.oHif, — In addition to tbe condition 
of tbe meat itself, then' are otlier matters 
not to be neglectful by the Meat Inspector, 
such as the price marked ujion tlie meat, 
whether it was ex|)osed for sale, or deposited 
for the purpose of sale, or deposited for 
preparation for sale, the hour at which it 
was inspected (or subsequently seized), the 
condition and tcm)>erature of the atiuosphere, 
etc. All these may lajcome of importance 
in any subsequent proceedings. 

(«) Ifutpectimi of foreign meat.- —Under the 
Public Health (Food and Meat) Regulations, 
1903 (p. 644), additional duties of meaf 
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iiispection are imposed upon the or 

any duly authorized person. This foreign 
IxtnelesH and “ boxed meat ” is im}>orted in 
boxes in tlie frozen state from the United 
States, New Zealand, Au8trali|t, and Argen¬ 
tina. Some of it arrives preserved in boric 
acid in barrels, or frozen in bags. The 
pieces of meat are often jmcked tightly 
togeth(;r and ibrni a solid mass, or so 
rolled and folded us to uiaku identiHcatiou 
and exHudnution impracticably. The con¬ 
dition of such meat must l>e judged on 
broad general lincji, and chemical analysis 
made wlicn necessary. Special attention 
should be directeil to tripe, tongues, kidneys, 
or pieces iiujwrted in “ sweet luckle ’ or 
“ piiteiit pickle.” If tuberculosis be found 
to be present in any degree in pig carcasses 
the whole carcass should be condemned. 
Facilities should always be provided to the 
importer or vtmdor to have the meat ex¬ 
amined 011 bis own account ]>. 

Jfth// oj' (iroiecttiHff.—An Inspector who comod ucrutis uu* 
wholesome meat should (a) “ seize *' it, unless it bo voluntarily 
surreadored by the owner Uiking tho initiative, and {h) inform 
tho M.O.H. If the M.0.1I. consider^the meat unlit for food, 
( 0 ) it should at once be submitted to a magistrate for con- 
domnation and dastruction, the owner being permitted to 
haro the meat seen by experts on his behalf if ho so wishes, 
(d) The case should be fully reported to the 8.A., and 
instruotions may be taken as to proceedings. The portions 
of evidence which may be require in court tire as follows .* 
(i.) A copy of the summons issued by the B.A. against the 
owner of the meat; (li.) the order signed by the magistrate 
to the efloct that, having examined the moat, bo bad ordered 
its destruolion; ^Ui.) the resolution of the 8.A. or Committee, 
signed by the chairman; liv.l oraies of subpfonas; (v.)a<dear 
and ooDciso statement of the iDspector's evidence of seizure 
and the reasons forpeiifure; (vi.) n statement the M.O.H. 
as to tlte patoological oondition of the meat in question and its 
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tinfltneBs for hiimHii food; (vii.) colUteral evidence of mediail 
or veterinary vxperte. if such are to be called, and of other 
pcnone, aaloamon, porters, btttchors, slaughlorera, etc. 

Classification of unwholesome meat. — Befori 
furniiiig an ppiniun iih to uiiwhohsunieneBs of meat, 
it is necessary to decUle as to its ipiality and condi¬ 
tion ; that is, wludiier it is fresh lioiiie-grown meat 
or frozen, chilled, salted, or pickled nieat. Having 
assured hinistdf of the conditions under which the 
meat is being examinetl-, the next step for the Meat 
Inspector ii^ to diagnose the disease with which the 
meat is afjectetl. Broadly, and for practical purposes 
of meat inspection, these may lie divided into three 
groups—(a) gtmeral pathological conditions ; (4) sjm- 
cilic disease; (c) decom|ioBitioii. Among the general 
jialliolorjiml conditions are ordinary degeneration of 
the tissues and iuHammation: fatty inliltration, 
calcification, and infiltration by pigment, us in 
melanosis and jaundice; cloudy swelling, fatty de¬ 
generation, mnyloid disease, gangrene, etc. ; fevered 
fiesh, and the meat of unblni animals that have 
died, or have Ixieti slaughtered when in a mori¬ 
bund condition. The last named is bloo4:St«ined, 
sticky, pits on pressure, and possesses a unmnic 
smell. It rapidly decomposes, and is heavily charged 
with toxic properties. ThcFc are a variety of inflam¬ 
matory diseases, some of which are doubtless due to 
specific causes, and others of which the origin is 
obscure. 

Secondly, there are the »/>eci/k diteasa of animals 
which cause meat to be unlit for food. These diseases 
are not necessarily transmissible to man, but they 
produce in the tissues of the animals suflering from 
them certain poisonous toxins. It should be remem¬ 
bered that in many cases such products occur early 
in the disease, and not only when it has reached an 
advanced stage. Among specific diseases for which 



FOOD 


124 


[chap. 


meat Hiiould be seized as unfit for food are tu- 
bet'culosi.s, actinomycosis, glanders, anthrax, swine 
fever, contagious pleuro-piuniinouia, septicjeinia, cattle 
plague, ami a largo niunlK^r of })ai'asitical disoasos. 

Ikcompusition of meat is, of course, post-mortem 
change. The rapidity witli whicli the docom|K)sition 
siits in depends upon many clrounistauces external to 
tlu* iiH'al, such as tejnp<;raturo of the air, place of 
storage, etc. Colour, consistence, and odour are the 
thnio chief signs upon which reliance may he 
j)lactid. Mouldy meat, if «)tln‘rwis(i goo(^ need not he 
wholly comh^nnu^d. Such moulds frecpiently consist 
of |)oiiicillium, niucor, chwlosporiuiii (“ hlack sj>ot’'), 
col<)ure<l law-terial growths, <‘tc. Mould contamijuition 
is liable to occur when meat lia.s been improperly 
liaiidled or stoi-cd. 'I'hcre is no <‘vid»*nce that sucli 
moulds or theii-products aiv toxic, tliougli moiilily im.^at 
should Is’ carefully examined for decomposition. 

Ill lOU tlie is.su< ^d a Memorandum on 

ilie investigation of «)uthreaks of foofl poisoning, in 
which the billowing ofiiiiiiiiry wivs rceom- 

mended; 

Wlia* oiiHi'ti Iluiil'tl of; tiikon to Hcniro uoznplela list of 
o.g. inquiries of medical practitioners, neighbouring 
medical oOicora of faualtli, and utluas. 

Kvidcnce impliruting pavticular foo(^or foods as cause of 
oiitbrojik. 

Kvidoiu^o imjdicating any particular higix'dii'nt of the food. 

Origin of suspeetod food or ingredient. 

//o/uiru's iH .Ifftvtcd Jlomeholtis 

Nnuius and ugu» of p<'rsons ('i) in each housobold, (b) those 
ill, (r) those partakiDg of suspected food. 

I'oreotis affiK‘-ted->-(tf) slightly, (^) seriously, (r) fatally: 
with <latu Hud hour of ))nrttUcing of food in each case, and date 
and hour of first symptoms in each case. 

Clinical character of illness. 

Particular food implicated. Date of purchase, source; any 
form of domestic preparation applied (e.g. cooking); if so, how 
•long and to what do^o: if canned meat, when opened, etc. 
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hufnirirn at Plaa- of Vfepm-atwn (wAt'M Fooil impHeat’td 
has (urn prepared in th J)i$iriet) 

Address or doscription of place of preparation; name niid 
address of owner or occupier; ntiniber of workom employed 
(male and female); nature of cmplojnn'’nt in each case. Any 
'■ngUKcil also in other crnploymeuts whiidi might have con¬ 
nexion with coiAaminiition of tlie suMpocted fooi]. 

Moat coiirerned; its nature, where olituincd, amount used 
on liays concerned, how and where Bttroil. 

Mvidoiico, {wisitivc or negative, of imaonndnoss of the moat. 

Kvidonce, poiiitivd or negative, as to disoaso of animai 
daring life or ascertained post iiioitem. 

Possiliililios of infection at slauglitcr-houso or ^placo of 

stoinge. • 

Sanitary condition of iKikehonso or food-preparing place 
lincliiding distance from possible sources «d contamination, 
e.g. middciistcad. ashpit, privy, w.c.; slaiightor-house, stable), 
positions of drain openings: ventilation; general winitary 
condition {See tifso p, fi-SU.) 

(’loanliness of tablo-s. floors, vcssols, utensils, etc. 

Ibvparation of tViod (exact details of methods employed, 
including history and condition of various component parts 
la.'sides the meal, e.g. pastry, stock and jolly for pork pies, 
nkins of sausages, etc.) 

Handling of the fooil (possible contamination by “ carrier ’* 
of bacteria aNS(.M-utte<i with food poisoning, (a) before cook¬ 
ing, (b) during cooking, (c) after cooking, e.g. transfer into 
moulds, ete). 

Temperature reached in c«x>king; any cxperimenckl vori- 
Kention of tempcratui'e, especially os regards Interior of mass; 
any ixason to suspect under-cooking of whole or part. 

(.’ooling. Where food placed* during coiding, Possible 
opportunities of contamination. 

Health of aorkers previous to oiUbreaitr, ospcctiiUv in 
regard to diorrhma; their habits as to cleanliness. What 
w.c. acconunodalton for workers (where sitnatod and ('ondi- 
tion). Arrangements for washing hands, and their ur<<. 

CoUerfion and KiamiH/itioa of Material for Jiaetiriohpica! 

ExamiAation 

•Semples oollocted (dates, description, and quantities) of ;— 

/W maferUiU. (a) Portions left over by {wtients, (b) 
obtained at shops, stores, or pbi(«s of preparation. 

Clinif'itl metteriais. (<t) Blood from patients or suspected 
'‘carriers,” (^) post-mortem specimens. 
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Fish 

As a rule, fish i8 Tintntious and digestible, bnt 
deticieiit in fat, though eels contain it in abundance, 
and salmon and lierrings also. Fish should be eaten 
only in season, unbruised, fresh, firm, and free from 
offensive smell or diseast*. Unsound *11811 is dull 
in appearance, discoloured, and offensive. The least 
decomposition nnidei’s fish unfit for food, and liable 
to cause gastro-intestiiml irritation if eaten. Similar 
syiiiptoniH occasionally follow the use of apparently 
sound fish. The consumption of halibut, and prob¬ 
ably of other fish also, has l>een known to cause 
diarrlwen and vomiting, ami within a few horn's a 
vivid re<l rash may appear over the upper part of 
the laxly, Ibllowed hy profuse <le 84 uamation lasting 
seveiul days. Fish is largely preserved by the means 
already referred to, and eaiiecially by drying, curing, 
salting, or cunning. 

Oystera niid sliell-fiali.^Oyatei's eaten raw 
are readily digested, but other shclbfish are as a rule 
indigestible, and not infrequently cause dyspepsia 
and urticaria. Mussels are especially prone to Ixs 
poisonous, the symptoms including not only dys^iepsia 
and urticaria, but also swelling of the tongue and 
fauces, numbness of the limbs, and weak, irregular 
pulse. Severe and oft^n fatal .attacks have been 
attributed to eating mussels gathered upon shores 
polluted by sewage. Many of the cases of mussel- 
{)oi8oning are believcnl to be due to simple acmte 
dyspepsia, but others have been tnu^ to an alka- 
loidal poison {mytilotoiriiie) contained in the liver of 
the mussel. {Brieger.) 

Cockles and periwinkles are usually cooked, but 
mussels are often eaten raw, and, if taken from 
beds to which sewage has access, appear occasion¬ 
ally to have given rise to enteric fever among con¬ 
sumers. 
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Oysters, under like conditions, have }>een found to 
•oiivey enteric fever, and a nuuil)t*r of typhoid and 
otiier epidemics have now been traced to their 
i^onsuroption. 

In 1896 Bttlfitrode and Klein reported to the L.O.B. iip<m 
Oyster (^lUure ip Kehition to Diseswe. P'xperimento by Klein 
{fave results which ai-e thus siimmHriztKl by Thome 11101110 in 
the intriKlaction to this Iloport: 

1. Tho cholera libriu, and still more t!io typhoid bmiUns, are 
diliiciilt of demonstration in sewage known to have re> 
ct-'ived them. 

‘L itotli those organisms may persist in soa-water tanks for 
two or mo^.’ wc-eks, tho tyjhoid bacillus retaining its 
charactofisticsiinimpatrod, while the cholera vibrio knds 
to loso^lhem. 

•b Oysters from sources which ajipearod to bo free from risk 
of sewage contamiuution exhibited none of tho bacteria, 
Hjx'cifii; or otherwise, which are commonly regarded as 
being concerned with sewage. 

4. Oysters from a few out of nnmerous batches derived 
from sources where they did ap{)ear to be cx]K>8ed to risk 
of sewage contamination were found to exhibit colon 
bacilli—a circumstance which, notwithstanding the com* 
parativo Universality of this intestinal organism, may be 
n^rdod as having some signiticanc4^ by reason of the 
absence of this bacillus from oysters which appeared to 
have been exposed to no such risk. 

Since 1894 then; have lieen many coiiaider- 
able outbreaks of enteric fever and gastroenteritis 
due to eating infected oysters, including two at 
Winchester and at Southampton in 1902, which 
Bulstrode traced to eating oysters grown on ">6ds 
polluted with sewage. He summarized the evidence as 
follows; Two mayoral banquets occurred on the same 
day in separate towns several miles apart. In con* 
nexion with each banquet there occurred illness of 
analogous nature, attacking, approximately, the same 
pe^ntage of guests (62 persons or 46*3 per cent at 
Winchester, 55 persons or 41’3 per cent at South 
ampton), and at corresponding intervala At both 
Imnquets not eveiy guest partook of oysters, but all 
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those guests who suffered enteric fever, and approxi¬ 
mately all tliose who suffered other illness, did partake 
of oysters. Oy8tei*s derived directly from tlu* same 
source constituted the only article of food which was 
common to the guests attacked, and oysters from this 
source were at the same time and in*other places 
proving themselves competent causes of enteric fever. 
Klein found li. coU, A mteritidis sporogems, and 
other organisms allied to the Oaertuer gi*oup of 
bacilli in oysters from the sanu* layings, and many 
other haeteriologists have demonstrated the presence 
of these organisms in oysters derived from polluted 
beds;' 

Tho riiHoltH <>f the curried uiil hy Houston 

for tho Royal ('ommiH8ioii on 8ewag« Diupusal tend to prove 
that the coiitaminatiun of oystiu-s by li. coli iu widespread 
and not altogether dependent on sewage conta uination. Ho 
examine*! over l.UOO oysters, and nearly nil, from wliatover 
laying they vvere taken, c«intttined /!. co/i or c'»Hform orgrin- 
isms. This did not h*)ld good as regards doep-soa oysters, 
which were free from this org;inism (anil spofes of B. entcri- 
tidii sporagrnes), as was also do«>p>H<-a water. Houston found 
the nuuilwi^ of II. <'o!i in an oystoi^ varied frotii 10 to \0,000 
(in 10 ir> (r.c.), and tho contents of the stomaoh of tho oyster 
contitined more B. coli than ihe Jii|uor in tho shell. Fewer 
B. coli found, as a rule, in oysters ston-d in pure waters, 
liut instances occurred whoro the numbers of sneh bacilli worn 
as gre<it as in oysters from eontaminnted S'Uireos- It has 
been shown by various woekors, in ^irticiilar by Klein in 
1905, that oysters, cockhis, and mussels have tho power of 
clearing themselves of infective germs, partly by passing 
them out. and partly by “directly devitalizing the microbe.” 

There Are certain coitolunions which may be 
drawn. First, the nu!nl)or us well as tho presence 
of B. coli in oysters mtist be considered. Secondly, 
tOf)Ographioal evidence as to pollution must be token 
ill conjunction with bacterial evidence, and, at pre¬ 
sent, the former is more reliable than the latter. 
Thirdly, oystew ordinarily gi^own on cohtomiiiate<l 
oystor4>eds may, and do on occa.sion, contain the 
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virulent epecifie bacillus of typhoid, which can live 
both in sea-water and within the shell of the oyster. 
This being so, the risk of typhoid infection from 
oysters is a real one, although in actual occurrence 
many conditions have to be fulfilled. 

Other shell-fish than oysters, from time to 
time, cause epidemics or individual cases of enteric 
fever, gastro-enteritis, or mytiloloxine poisoning. 
For the most part the specific contamination of au^ 
shell-fish takes place on the beds or layings, in the 
storage pondji, or in the process of “ washing,” but 
occasionally the shell-fish become infected by the 
retailer (HuUlrode).* in a report to the L.O.B. on 
“Cockles as Agents of Infectious Diseases,” Klein 
recorded finding B. coti and B. enUntidi* sporogene$ 
in cockles taken from a foreshore polluted with the 
discharge from a sewer outfall. Similar bacilli were 
found in cockles b mght from a sti-eet hawker. In 
subsequent experiments Klein came to the con¬ 
clusion that a mussel immersed for 22 hours in 
cholera-infected water retained the bacilli of cholera 
for 48 hours after immersion in clean sea-water, and 
the same may be said in res|>ect of typhoid infection. 
Indeed, evidence was obtuned showing that the 
typhoid bacillus could multiply in cockles. Merely 
pouring boiling water over a heap of shell-fish, os 
is customary, does not necessarily destroy either 
cholera or typhoid infection contained in them. 
Prolonged steam sterilisation or boiling is necessary. 
Since the time of Klein’s report, a number of out¬ 
breaks of disease, including enteric fever, have been 
traced to the consumption of mussels and cockles, 
and it has been shown that the cooking which these 
shell-fish generally undergo is not sufiioient to free 
them from risk. 
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' •Proventlve measures.- Present legislation does not 
giro to local authorities suffiotent powers of in8i>ection or 
control over oyster-layings or sholl-ftsh heds, nor for preven¬ 
tion of tho sale in their district of oysters and other molluscs 
derived from sewage • contaminated sources, nor have they 
powers to control the importjttion of foreign o^’sters from 
wbutover source. Oysters fattened on corftammated bods 
should be deposited for a time in pure sea-water before con- 
aiimption. '^ey should on no account l>ri stoied in unclean 
wat4<r. The Public Ifoalth (ShclI-fiab) Kogulations, 1915, 
provide for the closure of 8hell fi.'*h layings which arc shown 
to have cau8''d infections or other diseases or are believed to 
be a Bourco of danger to health. 

Itopurts on opidomies due to sholl-fish ipfcction should 
contain (1) a history of the outbreak, >'2} details of incidence 
on cemsumers and iiiimiinity of others, (li) evidence of con¬ 
tamination of layings with sowage, (4) results of imetoriulogioal 
examination: 

Milk 

Milk contains nitrogenous substances, fat, cnrl>o- 
hydrates, salts, and water, and may be regarded, in 
a sense, as a complete <Hct in itself. Tlie cbemieal 
composition varies somewhat according to the breed of 
animal, its age, the |Hiriod since calving, and the diet 
and physical conditions, 
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Or the average milk constitution may be expressed 
thus :— 

Fak . . 

Solids not fat 


4‘1 per ceni 

. . 8-8 


Total solids 

Water • , • 

1^*8 
. SM 






IV] 


CONSTITUTION OF MILK 


131 


Milks vHry in sUiulanl, and the above figures can 
only be token as fair averages. 


Milk-sugar, or lactose (^,. 1 ^ 40 ,.,), U n <.oiist«nt con¬ 
stituent of milk, forms thochief suus(;»!icoin Holuliori in whoy or 
scrum,un>i is n ineinlHT of the ctne-Kn^^r uroiift. It is found in 
varying ipiHiitilio' in the milk of mammuls. About per ct nt. 
is present, in human milk, and soniowhut less in that of the 
c**w. It is very resistant to ft rnnnlalion by yeast, and there- 
fore underKoes aicoholie ternionUition very slowly. It is not 
ach'd upon by rennet, j)ej)sin, or Irypdti. But of all the 
stjgnrs it is most readily Hclcd ui>on by micro orgunisiiM. 

Fat occurs in milk as sus^H iided globules of varying size. 
It forms tho cream, ami bv clmrtiing is, of conrM*, uiadi' into 
buttor, though )»d(h ercuin and butter contain utlicr ennatituents 
besides fat. Lloyd lias shown that it is the large globule- that 
form tho cream, and he has also mmb* obs<*rvations ujion tho 
8 i 7 .e of fat globules in ri'lation to Iweed of esttle. do' om- 
lK>sition and breaking down of milk-fat )iy fermentation is tlie 
thief cause of gross almormnlilies of cream and the mneidity of 
butter. The pn)portion of cream averages alM>ut 8 per eeiit., 
but rjtngos from (> percent, in very poor milk to 12 percent, 
or K) per cent, or more ; in AMern-.-y eows it inav reach 10 per 
eont. One part of cream is said to correH|iOfid roughly (0 0*2 
part of fat. More complete separation of cn.-am is effected by 
eenirifugaliziitionina ^'separator.’' Skimmed milk retains, as 
a rule, about 1 p«T <'ent, or nioie of fat; se|Kirated milk much 
less. Both contain the casein, sugar, and Milts of the milk 
from which they were ina«lo, and hav*- therefore eyusid' rahbt 
liutritive value. “ Pore-milk,” which is the first part of the 
yield of milk from the ud<ler, contains but little fat; the 
*'strippings,” on the other hand, at^tho end of milking, arc 
rich in fat. 


Tho proteins of milk include casein, lacUlbumin, and 
lacto'globulin. Oa.scin is the most abundant and iinpoi'tuDt. 
When milk separates naturally into its const it uent parts, the fat 
rises and the casein falls, leaving a clear fluid, the milk plasma 
or scrum, between the two substanct^ 

Mineral matter.—The ash of milk, obtained by careful 
ignition of the solids, contains calcium, magnesium, [totossium, 
a^ium, pbuephoric acid, sulphuric aei<k chlorine, and iron— 
phosphonc acid and lime being present in the largest amounts. 


Human milk contains less fat, less protein, and 
more sugar than ccw s milk (e.g. an analysis of arcraga 
human milk would result in total solids, 12 5; fat, .3'7 ; 
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proteins, 2‘3; Uctose, 6‘3; and ash, 0*3), and there¬ 
fore to modify cow's milk so as to bring it approxi¬ 
mately to the standard of human milk it is necessary 
to dilute it and a<ld milk-sugar. Much debate has 
arisen as to what should bo accepted as the minimum 
standard for the various constituents of fbilk. Broadly, 
it is now u.sual to hx the fat standaid at 2*75-3 per 
cent, and the “solids not fat" at 8*5 |)er cent. 

In 1901 a Departmental Committee rACommended {inUr 
alin) that rcgulationn should be made uoder eectioa 4 of the 
Food and Drugs Act, IS99, for presuming that milk (other 
thiiti skimmetl, nopamtvd. or condtmscd) was deficient in which 
total solids won) Iwlow 12 per i-ont., fat ladow 3 25 cent, 
and **solids not fat*’ less than S'6 per coot. 

The Hale of Milk Regulations of 1901 which fol¬ 
lowed this Report lay down that (a) where a sample 
of milk contains less than 3 }>er cent, of milk-fat, it 
shall be presumed until the contrary is proved that 
the milk is not genuine by reason of the al^traction 
therefrom of milk-fat or the addition thereto of water; 
(b) where a sample of milk contains less than 8*5 })er 
cent of “ solids not fat," it shall be presumed until 
the cttuiiury is proved that the milk is not genuine 
by leason of tlie abstraction therefrom of “ solids not 
fat," or the addition thereto of water; and (c) when a 
•ample of skimmed ft* separated milk (not being 
condensed milk) contains less than 9 {>er cent, of solids 
(including fat), it shall be presumed that the milk is 
not genuine. These logulations are in force through¬ 
out Great Britain. 

Aslulceratlons. —Addition of water and abstrac¬ 
tion of creani are by far the most frequent frauds. 
Sodium carbonate, sodium chloride, starch, borax 
(1-2,000), formalin (1-60,000), or salicylic acid is 
oooasionally added, either as a preservative or in ordes 
to mislead the analyst. Skimmed milk or separated 
milk is frequently fortified by the addition of con- 
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densed milk, aad whole milk is not infrequently 
diluted with sejMrated milk. A good deal of ** mani¬ 
pulation of milk goes on, mixing of poor with rich, 
and of se{)arated ami condensed milks with waterand 
with whole m^ik. Animtto and turmeric are often 
added to imprt a yellow colour to milk. 

Addition of water lowei's the specific gravity, the 
percentage of fat, “ solids not fat,” and salts; it also 
makes the cream rise more readily to the surface. 
Abstrjvction of fat, hy skimming or by the use of the 
separator, increases the Kpeciiic gravity and the |Hjr- 
centage of safts and “solids not fat,” Imt of course 
reiluces the fat and therefore tlie yield of cream. The 
addition of condensed milk to skimmed milk may give 
an appearance of extreme richness, but the salts 
and solids not fat ” will l>e in excess. 

Owing to the social changes hy which an increasing 
percentage of the population lives in towns, the prac¬ 
tice of adding preservatives to milk, with a view to 
“ keeping ” it over the necessary transit and delay in 
reaching the consumer, is increasing. 

In 1901 another Deparimentol Committee ap¬ 
pointed by the Bcwird of Agricuitiii’e recommended:— 

1. That the use of formaldehyde in food and drink be 
absolutely prohibited, and that 8i4ioylic acid be not used in 
greater pro^rtion than one grain per pint or pound reapoctirely 
for liquid or solid food, its presence in ail cases to be docii.rm. 

3. That the uao of any proaerratiTeN or colouring nit^ters 
in milk be made an offence under the t^le of Food and Drags 
Acts. 

3. That only boric-acid pi^rvativos be allowed in cxeam, 
the amonnt not to exceed 0*2$ per cent., and to be notified 
on a label 

4. That only boric-acid preservatiros be allowed in butter, 
Die amount not to exceed 0'.> per cent. 

6, That chemical preservatives be prohibited wall dietetic 
prmntions for the use of children and invalids. 

0. Hwt the use of copper salts for “ greening “ be pro¬ 
hibited* 
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7. That a Court of Roforotico be established to supervise 
thi) 1180 ol pn^Horvatives and coluurinf? matters la food. 

fu 1912 thti L.Q.B. issu. ri ‘‘The Public Health (Milk and 
Cream) Ro^ulutious, 19I2.’‘ iiiado under tho Public Health 
(ituKuliilii)ii8 as (o Food) Act, 1907. The Kegulations secure 
that no pieservativo Hhall bo added to milk,^r to evoam con¬ 
taining I'-SH ihiin 3’» per cent, by w< ight of milk-fat, at any 
slagofrtim tho pluce of production to that of tlelivery to the 
purchaser. In the case of crcniii containing oi'cr 3d per cent, 
of milk-l'nt, the addition of boric acid, borax, or a mixtui'o of 
thos»‘ pa'Si.Tcativo eulistancos, or of hyilrogon peroxide, i« not 
proliibited by the Regulations, but is subject to a system of de¬ 
claration which is rc.piired lo ho foliowi d hy^iU pi.-rsons deal¬ 
ing wiih such cream for the purpose of .s:ilo for human con¬ 
sumption. Uy this system it is intended that pnsorvod cream 
as an article of commerce shall in all stages he diiforeiitiated 
from cream to which no preservative ha.s been aibhjd. Further, 
tho udditiou of any thickenins; sulist.-mce to cream or pr<'Sorvod 
oroim is prohibited. Fxcept as reg-ards Part IH. of the Regu¬ 
lations (dealing with resliictions on impi>rtatiyn) the duty of 
Hdministration was pin ed upon those Authorities in Kngknd 
and Wales which are local Authorities under tho Sale of Food 
and Drugs Acta. Ry an amending Order, 1917, a ‘“declaratory 
label'’ is proscribed stating tho jirosonce of prowrvative and 
its amount in cream. Doric acid is nistrictcd to 0*4 p<^r cent. 

I^iizyin<*!a and rclliilnr 4‘lenicnt« in milk. 

—to its choiiiical constitution milk 
possesses certain biological ohuracters. The enzymes 
or iormonl« belong to t wo groups—those acting on 
fooilstutis present in fltilk. tints finding its digestion 
(proteolytic, lipolytic, and lactase), and those which 
are oxidizing and rtjducing in function (peroxidase, 
amylase, and catalase). Tlte cellulttr elements are (a) 
large uninucleated cells, (6) multinuclcated colls, and 
(c) small uninticlcated colls. Milk may also contain 
pus colls, blocal corpuscles, and leucocytes. A high 
cell-content, especially if accompanied by streptococci, 
should bo reg irded with suspicion. 

Bacteria In milk.^MUk as it leaves the healthy 
udder is a sterile fluid, but at the time of milking, 
during ti'ansit to the dairy, at the milkshop, and in the 
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home of the consumer it becomes more or less con* 
taminated Bein" a favourable medium for the growth 
of bacteria, ami being fro(juently kept for some time 
at a favourable toinperature for the multiplication of 
germs, milk becomes, as a rule, heavily impregnated 
with bacteria,' In addition to uncloanliness generally, 
disease of the cow’s udder may add tubercle bacilli 
streptococci, or stapliylococci; and infection from 
those handling the milk may add a further quota. 
Thus it comes about that milk ia often found to 
contain millions of bacteria per cubic centimetre, 
varying in number according t ;0 cleanliness or other¬ 
wise, treatment, teiiiperattire, and storage. The species 
of bacteria found in milk may be I’oughly classified 
as : (a) ordinary bacteria of soil and water; (A) acid- 
fast bacilli, e.g. butter bacillus, timothy-grass bacillus, 
and mist bacillus ; (c) bacteria of sewage, manure, oi 
iutostinal origin, particularly staphylococci, strepto^ 
cocci, B. coH and allied organi.sms; {d) bacteria of milk 
fermentation; and (a) path<^gcnic organisms associated 
with tuberculosis, enteric fever, scarlet fever, diph¬ 
theria, sore throat, and epidemic diarrhma. Hero it 
is only necessary to consider the last two groups of 
)>acteria. 

Milk-sugar undergoes fermentation like other 
sugars upon the introductio»of a suitable fermenting 
agent. There arc five different kinds of such fer¬ 
mentation which affect milk, namely, lactic-acid and 
butyric-acid fermentations, coagulation fermentation 
without acid-production, alcoholic fermentation, and, 
lastly, a group of anomalous changes of various kinds. 
Lactic-acid fermentation is the ordinary souring of 
milk. The coagulated casein is precipitated, the serum 
rises and carries up lumps of fat, and the whole be¬ 
comes acid. This change is due to a group of 
bacilli (jS. acidi laciici)^ the first member of which 
was discovered by Pasteur and isolated by Lister. 



136 


FOOD 


[OHAP. 

They gaiD access to milk from external sources, parti¬ 
cular kiuds being found in the vicinity of particular 
dairies, soils, geographical localities, etc., thus giving 
to milk and butter characteristic favours. 

The lactic-fermentation bacteria arc short rods. 
They produce appreciable amounts of lattic acid only 
at somewhat elevated lempemtures. If the amount 
of acid rises much above 2 per cent, the growth of 
the lactic-acid b}ict6ria is inhibited. Many other sub¬ 
stances are produced in mldition to lactic acid (e.g. 
acetic and formic acids, alcohol, methane, CO^). The 
moat common members of tlif> group arc* tlie faculta¬ 
tive anaerobes which sour milk beat in deep vessels, 
and produce a right-hamled lactic acid. They are 
widely distributed iu nature, and may form 90 |)er 
cent of tlio totvl bacteria in milk. 

Butyric*acld fermentation, due to tiie B. biUyricus^ 
is a bitter fermentation in whicii hydrogen and car¬ 
bonic-acid gas are produced. It has little of the 
importance of lactic fermentation or even of alcoholic 
fermentation by yeasts, by which koumiss’* is pre- 
pare<l from mare’s milk and “ kephir *’ from the milk 
of goats, sheep, and cows. Other fermentations of 
milk are represented in (a) bitter fermentations (due to 
Weigmann’s bacillus or Conn’s micrococcus); (6) slimy 
fermentations which pi'o^luce the “|x>piness ” used in 
the manufacture of Kdam cheese and Uettmcelk (due 
to Aficrccoeciis viscosus and Streptococctu hoHandicm^ 
etc.); (c) soapy milk caused by B. laclis iaponacei^ 
and (<f) a numW of chromogenic fermentations.* 
Pathogeolc organisms gain access to milk both 
from the cow and from sources external to milk. 
The iub9reU haciUm is the chief example of the 
former channel. Probably not less than 10 to 15 per 
cent of the milch cows of this country are affected 

* R«d mUk (& Mid & taetU erythrefttut) ; blu mitk 

(B.eyaiW 9 fMt); r^lovrmilk (A <yiuaMkiu);»te. 
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with tuberculosis, and about 2 per cent, with tuber¬ 
culous disease of the udder.* The milk is most 
infective when tlio udder is diseased. Bovine bacilli 
may, however, be present in the milk of tuberculous 
cows presenting no evidence whatever of disease of 
the udder, Sven when examined post nioi-tem. 
Tubercle bacilli in milk may also bo derived from 
excreta or uterine discharges of tuberculous cows. 
Bovine tubercle bacilli may be the cause of ab¬ 
dominal and cervical-gland tuberculosis in children 
consuming the milk.f From 1897 to 1908 it was 
found that 8*7 per cent, of the country-mixed milk 
(railway samples) brought into Manchester was tubor- 
ciilous, and percentages varj'ing from to 10 have 
been frequently reported in market milk in this 
country. In 1911 it was officially reported that of 
8,698 samples of milk taken at the London railway 
termini since the London County Council ((Jeneral 
Powers) Act, 1907, came into operation, 11-2 per 
cent, proved to be tuberculous. Whilst tuberculosis 
is not commonly spread among human beings by 
means of an infected milk supply, there is evidence, 
derived from pathological and clinical experience, 
proving that tuberculous milk can and does, on 
occasion, set up some form of tuberculosis, human 
or bovine, in the bodies of <nan and other animals 
consuming the milk. Phthisical milkmen may in¬ 
troduce the human tubercle bacillus into milk. AU 
danger may be obriaterl by boiling the milk. The 
typhoid baoUlut has occasionally found its way from 
sewage, water, or infective dust into milk, which is a 
hvoursble medium for its multiplication. The same 
may be said of the diphtheria baciUut, which, in 
several cases on record, has been isolated from milk 

* are about 4,000,000 milch eoira In the United Kingdom. A 
ecw fielda on an averaao about 400-500 gallona of milk jper aunum, 

t filial Beport of Royal Commlailoa on Tubercufoala (Human and 
BorinaX 1911, I., p. 40. 
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8usp(?ct<^<l of convoying the disease {HowkiUj Eyre, 
Kkin, Dmn and Todd). Sonic authorities now hold 
that di|>htheria is a disease of the cow and that the 
bacillus KOinetimes gains access to milk from the udder. 
Various forms of str(?ptococcus have als<^ been isolated 
from milk. Their (ixuct jmthological significance is 
not yet determined. 

Kxainiiialioii of milk.—l. Sf^lHc gravity of 

milk is mftasiiviHl by n lactoimrt'T (which i» a delicate hydro* 
mutor) or bv a Wt'Sl[)h;»l balance. Thu specific gravity aver- 
HgiiH about I0:i0’10:bi. It is lowered by watering, and raised 
by abstraction of fat. 

‘i. Total solids, which range from 12 to 13 {ter cent., are 
nstiTniited by ovaporuling a small <iua»Uty of the milk in a 
platinum diah, weighing bofore and after drying (weight of 
residue x loo divided by weight of milk — percentage total 
solids), lly (ludiicting the amount of fat. the .solids not fat are 
ohtiiined. The ash of milk, usuiilly about 07 pur cent., is of 
tittle value as an indication of qualily. 

3. Fat may be determined («) by mechanical methods such 
as contrifngalization. or (A) by cxtmclion of the fat by 
other, with or without preliminary destruction of the casein 
by acid. In Adams's method h c,c.^ of the milk aro spotted 
on to a p<7rous papor, which is' thoroughly dried, and 
then mlle<l up and extracted with other in a Soxhlet 
apparatus. The ether is siphoned of! and evaporated, 
and w’him a constant weight is obtained the quantity ^ of 
fat is dotunuinod. Worncr'Si'hmidt's method is extraction 
of fat wifh ether, after y>:stru<’lion casein with strong 
hydpitchloric acid. 

llio ftit in nnotlultorated milk is never less than 3'0 per 
cent., unless the “ fore-milk ” alone is taken, so that, when skim* 
ming as well as watering is suspected, the ratio 3 '0 : 8*5 may be 
taken as the minimum proportion of fat to solids not fat,’’ 
and if the “solids not fat” aro a the fat should be at leatt 

* -X; and if the ascertained amount y of fat falls short of this, 
8*6 ’ 

it-is concluded that at least 103 x -b l per 

\ B’O / 0*0 

cent, of fat has been ab^tnictod. 

4. Watei*.’*-Tho r^ulta of many thousands of analyses 
show that, although the fat varies groatly, the percentage of 
“solids not fat” in*unadnlterated milk falls below 8*6 very 
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raroly. Honce 8*5 per I'ent. is adopted ns a standard, 
if a given milk i;ontnins x per cMit. “solids not £al,” 
Kud X U loss than 8*'), wc can atKrra lhaf, huwnror poor the 
milk might have been originally, it must lontuin added 

water to the extent of at least ( ----- x 100 \ i,f>r cent, of 

• V S'5 

8’*) — ji \ 

the sample ; or, in other wordn, it is I lOOj per cent. 

wurso than genuine milk of poorest quality. If it w'as 
originally milk of fair ({iiality, the adulteration must have 
been much greater. 

0 . Preservatives In milk, nci-l is detected by 

moistening the ash with aleidiol and il^SO^, and applying 
a light la the mixture, when so little as I piirt in 10,000 will 
give a green llanie; tirtlioash may 1 k> treated with dilute HCl, 
and tiirmATic paper will bo turned brown, and, if touched with 
sodium carbonate, blnish-black. Sulicylic acid is dutected 
i>y cuniling tho milk with mercuric nitrate, and then, after 
shaking it up with ether, evaporating, and moistening the 
residue with ferric chloride, A blue coloration will denote the 
presence of salicylic acid. Formnlin in milk gives a purple 
colour if warmed with hydrochloric acid containing a trace 
of iron. 

6. Bacteriological examination is somewhat similar to 
that of water. Its objects are (a) to determine presence and 
degree of external contamination, to detect presence of 
pathogenic germs, {c) to obtain evidence as to health of 
cow's udder. Plate cultivations are made, etc., 'nut it is 
necessary to dilute the milk with sterile water (decimal dilu¬ 
tion method). Special methods of examination have to Iw 
adopted in searching for pathogAoic organisms, ttonorailyit 
may bo said that by the centrifuge or sedimentation flask the 
particulate matter is obtained and examined, and 2 r.e. are 
inoculated into a susceptible animal. For reliable examina¬ 
tion for the tubercle hicillus it is necessary to inoculate animals 
with the milk, as many lincilli simulate the tubercle liacillns 
in almost every particular, except its pathogenic effect. 
Special staining and culture tests are necessary for B. diph¬ 
theria. streptococciH, B. ro/«, and B. eiUeritidit aporogenet. The 
laboratory oxamin-itioa of milk should include (I) the num¬ 
ber and kind of bacteria present: (2) tho degree of acidity; 
^3) the presence or alwenco of pus or blood colls, veast cells, 
mrt ; ( 4 ) the estimation of B. ecli and allied lactose fermenters; 
(•4) estimation of spores of B. enteritidU $porogen*a and presence 
of streptococci; (fl) the examination of the stained deposit. 
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nilik In relatfou to disease. —From the point 
of view of preventive medicine the chief milk-borne 
zymotic diseases are enteric fever, diphtheria, scarlet 
fever, sore-throat illnesses, and epulemic diarrhcea. 
Probably tuberculosis is not commonly spread by 
milk, though undoubtedly milk does serve lis a means 
of infection, especially in children. Indeed, the 
Royal Commission on Tuberculosis (Idll) concluded 
that a considerable amount of the tuberculosis of 
childhood is to bo ascribed to infection with bacilli 
of the bovine type transmitted to children in meals 
consisting largely of cow’s milk. In England and 
W»Ues^,in 1915 upwards of 7,000 children under 15 
years of age died of tuberculosis (exclu<ling phthisis, 
lupus, and sbrofnla). Wlicther other infectious dis¬ 
eases, such m measles, whooping-cough, and small¬ 
pox, ore ever convoyed by milk remains to bo proved. 

0ls«Bses of th€ cow affecting the milk may be 
general or local. Anthrax, gastro-entcritis, and sep¬ 
tic conditions are types of the first group; acute 
mostitb, foot-and-mouth disease, jilcerated teats, ac¬ 
tinomycosis of the udder, suppuration of the udder, 
and **Rendon disease’* {»f.e p. 143) of the ^ond. 
An inflautmatory affection of the cow’s udder, known 
08 garget or mastitis, has been sus|)ected of causing 
outbreaks of sore throaty «tc., in those using the milk. 
It is commonly caused by streptococci or staphylo¬ 
cocci, which are probably not directly virulmit to 
man, though no doubt virulent types exist {Savage). 
Milk from cows suffering from foot-and-mouth disease 
U capable of producing illness with aphthous stoma¬ 
titis, swelling of the tongue, and fetor of the breath, 
especially in children; in other cases a severe form 
of sore Utroat has been the chief feature. Similar 
symptoms may attend the consumption of milk 
from cows affected with infiammation or abscess of 
the udder. The egid^ce is less clear in regard to 
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other specific diseases to which cows are subject, and, 
indeed, in most of them the secretion is suppressed, 
but the milk should never be used for food. In 1913 
a serious outbreak of gastro-intestinni disease occurred 
at Kewcastle-upon-Tyue, atfectini: ■'>23 persona The 
origin was dbown to be septicsemia of the cow. In 
the Western States of America cows are subject to 
a disease called the “trembles,” supposed to be due 
to their eating Hhua toxteodendrm, and their milk 
appears to cause in children vomiting, constipation, 
swelling of the tongue, and prostration, with abnor¬ 
mally low temperature. The milk of goats that had 
fed on Euphorbium, or meadow salfron, has been known 
to induce severe diarrhoea. Even in the human subject 
bitter and purgative drugs, not to mention morphia 
and other alkaloids, if taken by the mother, act upon 
the infant through the milk. Colostrum, the milk 
yielded by cows immediately after calving, has also 
been shown to exert a deleterious effect on persons 
consuming it Lastly, disease has been caused, it is be¬ 
lieved, by pathogenic yeast-cells in milk. Such an out¬ 
break occurred at Lincoln in 1902 (199 cases). The 
symptoms of the disease simulated scarlet fever. 
There was much swelling of the tonsils and cervical 
glands, with pyrexia, gastritis, and “ rheumatism.” 
Klein isolated what he beUeves to be a pathogenic 
yeast possibly bearing a relationship to the spores of 
teats, smuts, and mushroom fungi consumed by the 
cows yielding the milk. 

Enteric lever.— In 18.57 Michael Taylor, of Pen¬ 
rith, first established the fact that milk may convey 
enteric fever. Since that date more than 150 epidemics 
of this disease have been traced to an infected milk 
supply. Schuder states that 17 per cent, of all typhoid 
epidemics are thus caused. The channels of infection 

which the bacillus obtains access to milk have been 
shown by a study of these outbreaks to be bom direct 
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contact with typhoid puticnta (or typhoid c&rriers ”), 
from washing milk-vcsscls with infected water, from 
the addition of such water to tlie milk, fmm tlie air 
by dried typhoid *\\creta, from containinatod cloths 
and clothes, and from cooling milk in infected water, 
fn one case (1909) it was shown iinft milk iiad 
hecoine infected hy a milkman who was a “ typhoid- 
carrier," and <luring 17 years 230 cases (d enteric 
fever occurred among persons who obtained milk 
from a farm oii which this milkman was employed. 
A milk-l>orne <»utl>reak in Oubliji in 1908 aflccting 
130 persons was likewise traced to a “carrier" case. 

Cholera. —Numerous cases liave Ijwm m;onled in 
which’’cholera has been tninsmittHl by m«'ans of in- 
fectofl milk. A sharp outbreak of such milk-borne 
cholera occurrotl in Jlengal in 1909. Investigation 
showod tiiat the outlireak was <luo to the hamlling of 
milk by' mvtive servants wljosc hands wcto found to 
bo infected with cholera organisms. One of the men, 
though in good health, was found to l)e a chronic 
“carrier” of cholera infection. 

Diphtheria.—I'he fii*st epidemic of diphtheria 
which was shown to he inilk-horue was one in North 
London In 1878, elucidated hy Power. Mom than 30 
similarly caused outbreaks of the <lisea8i; have since 
been recorded. How the dy[))ithoria bacillusgainsaccess 
to milk is not known, hut in all probability it is gen¬ 
erally by direct human contact. Persons sutTering from 
the diseaso may remain for a long period infectious by 
reason of the mtention for weeks after convalescence 
of the bacillu.s in the throat. Materials may also 
retain the infection for long periods Water and 
sewage do not appear to convey the diphtheria 
baotlluB. Klein holds that the Klebs-LOffler bacillus 
is inooulablo in cow's, producing a specific eruption on 
the udder, and within five days the bacillus is excreted 
in the cow's milk. Several outbreaks of diphtheria 
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have suggested that bovine diphtheria is transmissible 
to mail by milk, but though on two or three occasions 
diphtheria bacilli have, in fact, lieen isolated from 
lesions of the udder, the oxistenco of natural lM)vine 
diphtheria has not l>oen proved. 

Scarlet feter.—More than 100 milk-liome attacks 
of scarlet fever are on record, and yet coinjiaratively 
little is known either of the bacteriology of the 
disease or of the inwle of infection of milk. Direct 
contact of scarlet-fever patients with tlie milk trade 
is the most obvious channel of infection. In 1882 
Power found reason to su.spect that cows suffered 
from a disease which could impart to milk the virus 
of scarlet fever, and in 1885 in the“ Hendon disease” 
outbreak further evidence of this was met with. 

In that ymr sKudden and cxtenHivc outbreak of Hcarletfover 
occurred in Marylebono, aiiii was found to bo asAitciato^l with a 
particular milk supply derived from a farm at Hendon. The 
milk was also distributed in St. I’ancrus, Hampstead, Hendon, 
and St. John’s Wood; in cJich of these districts, eiajpt the 
last, scarlet fever suddenly became prevalent early in Dccem* 
ber. On the loth the milk sent to Maryiebonc was returned 
to thu farmer, and some of this was ^iven away to (Arsons at 
Hendon on tho 16th and 16th; a few days inter, from Decem¬ 
ber 20th onwards, a numb<;r of cases of scarlet fever occurred 
among thonc who had drunk the milk, andi at the same time 
there was a sudden decrease in tho number of attacks in 
Marylebone. The disease was ^nvoyed by the milk, and 
after close investigation Power and Klein wore led to the 
important conclusion that the cow iUidf was the source of 
infection. 

There had been apparently no case of scarlet fever 
among the employees that could be nroved to have infected 
the milk. Attention was next directea to the cows, and many 
of them were found to be suffering, or to have recouily suL 
fared, from vesicles or ulcers upon the teats and udder. These 
were riearly infectious, and had bcco first seen upon a cow 
that was bought on November 15th. The dates of outbreak 
of scarlet fever in each district being known, it was found that 
each outbreak was precoded by a few days by the introduction 
of this Section into the cowsheds from which the milk supply 
of Hie district was ^wn. The early oxemprioo of St. Joan’s 
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Wood was explained by the fact that the disease had not 
appeared in the small shed from whi<di alone its supply was 
drawn: but during the inoutry this shed became affe(!ted at 
last, and an outbreak in St. John's Wood immediately fol¬ 
lowed. All the cows showing any signs of the disease were then 
isolated, and no furttier Oises of scsrlet fever occurred among 
the consumers of the milk. The symptoms nOTiced in the cow 
were chiedy local, but there were bald patches of skin, espe¬ 
cially about tho tail and iMii-k, the epidermis in tbeee patches 
being scaly (uid tho cutis thickened. There was no pyrexia. 
The vesicles, which were Kiuall, were confined to the teats 
and udder. They oxtemied, and in two days formed flat 
irregular ulcers covered with brown scabs. Inoculated upon 
calves, the matter from these ulcere caused local tenderness and 
•welling in three days, n scabbed ulcer with vesicular margin 
in sk days, and a further extension during the next few days, 
followed by healing. By cultivation a streptococcus w;is 
obtained, stipposod to be identical with a similar organisni 
found by Kiein iu connexion with scarlet fever, and havi^ 
the property of solidifying milk if kept for two daj'S at 35* u. 
It was not found in the milk from unaffected teats. Inocula¬ 
tion of calves with pure cultivations of the streptococcus pro¬ 
duced a constitutional disea'io that had some points of analogy 
with scarlet fever, the condition of the kidneys especially 
diflsiing but little from acute scarlatinal nephritis. 

In 1889^ inilk-tionio outbreak of scarlet fever in Glasgow 
was tmood to a micrococcal infection of the cow's udder; and 
lii 1903 there was an ontbrtiak of ** Hondoii disease ** at Lincoln. 
In Juner 1909, a widespread epidemic of scarlet fever occurred 
in South-West London, traced to a farm in Wiltshire where a 
number of the cows were found to have sores and scabs on the 
teats, material Ukea from thrA affected teats Gordon 

isolatdd two types of streptococcus, one resembling 3. angitwus 
(Andrewes) and the other S. tnatMidii (Savage) of garget 

Sore*throat illnesses.—Somewhat allied to scarlet 
fever, imd possibly in some instances an aberrant 
form of that disease, is sore-throat infection con¬ 
veyed by milk. There are fally a score of well- 
marked epidemics of this nature on record. One of 
the first to be investigated occurred in South Ken¬ 
sington in 1875. About 150 persona were affected 
after consuming crepm. A similar outbreak occurred 
in Edinburgh in 1888. More recent outbreaks of 
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milk-borno sore-throat occurred at Bedford in 1902, 
Guildfoi-d 1903, Finchley 1904, and Oolehestar 190r>. 
Cream was n^aiii the particular medium ut Bedford, 
where the incidence wa« chielly upon young adults. In 
the Guildford outbreak 98 families were affected, and 
the milk was tAced to cows suffering from 
mmiitifi. The Finchley outbreak involved 500 cases. 
The incubation period, as in many of these sore-throat 
conditions, was short —24 to 18 hours. There were 
enlargement of tli<5 subtnaxillary glands, sore throat, 
fever, genei-ai malaise, and in a few (ui.ses a ii]ea.sleB- 
like emption on the lower limbs. On some occasions 
gastrO'intestinal irritation has also been present. It 
is poasibJe that these soi-o-throat illin'sses are of 
streptococcal origin. 

In many milk-borne outbreaks of scarlet fever 
there occur a uumbtT of aore-throut cases simulating, 
but possibly not identical with, scarlet fever, in addi¬ 
tion to those which are milder forms of scarlet fever 
itself. 

Epidemic diarrhoea i.s another infective disease 
which appears to bo conveyed by milk. Certain uttacka 
of the disease give support to this view, and there is 
also the autumnal rise of infantile (Uandima, which is 
attributed by many observera, in part, to contaminated 
milk. It is held that the high atmospheric tempera¬ 
ture of the third quarter of the year exerts a 
{^judicial effect on milk, causing it to 1»6 injurious, 
particularly to infanta and children. It is certain 
that breast-fed infants suffer much less than ariiAcially 
fed infants from such disease. Actual epidemics of 
milk-borne diarrhfea have been, it appears, compara¬ 
tively few. In 1894 such an outbreak o«niri^ in 
Manchester, affecting 160 (arsons, and due probably 
to milk polluted with excreta; in 1895 and 1808 
three outbreaks occurred at St. Bartholomew’s Hos¬ 
pital, traced to the consumption of milk or milk- 
K 
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pudding from which Klein isolated the B. enteritidis 
MpwogtiieB, which he regards as the vera cau$a of 
epidemic diarrhcea; and in 1908 there was an out¬ 
break of milk-borne gastro-enteritis at Aljerdeen (70 
cases). 0 

Charactcriailcs of milk-bome cpidcmica. 
—There arc certain general characteristics of out¬ 
breaks of disease transmitted by milk which it may 
be well briefly to state here. 

1. The outbreak is usually sudden in onset ; and 
the cessation often almost (equally so, if allowance is 
made fbr secondary cases in infected households, wlucdi 
have probably been infected from the earlier cases and 
not by the milk. 

2. A large proportion of the attacks are simul¬ 

taneous or nearly so. 'fhe outbreak reaches its 
maximum too rapidly to admit of satisfactory explana¬ 
tion by the hypothesis of infection from the first eases ; 
thus, iu an outl»reak of scarlet fever at Wimbledon 
in 1886- 7,, the daily number,of attacks was as 

follows :— 

tnU . . Dec. 25 27 28 2D .10 HI Jsn. 1 2 5 

Atiatfc9>. I U 39 63 75 MS «6 86 25 16 

3. It will often happen that tw^p or more persons 

in the same househoU aie takeik ill at the same 
time. Such multiple cases may also occur apart 
from milk or water infection, but it is very excep¬ 
tional, especially as regards the first invasion of the 
household. 

4 . The average number of cases per infected house¬ 
hold is usually greater than occurs under ordinary 
eonditious, but this is, of course, dependent upon 
the number of persons who consume the milk. An 
avtntge of two attacks per household may be con- 
nder^ high. « 

6 . A large proportion of the ^households attacked 
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Ijave a common milk supply, which, however, may 
not bo Uistributed by the same retailer. 

6. Couvorsely, if («) the number of hoiiHoholde 
suppliKl by tin; su.spectcfl dairy l)o oKoertaiiied, and 
also (A) the mftiiber of such households attackeil, it 
will be found that the juoportion of (6) to (o) is 
much ffreater thaii the pro|K>rtion which the total 
numlnn' of infected housidiolds Ix'urs to the total 
number of Inliabited Jiouses in tlie district. Although 
in some cases r»0 ]ier cent, or more of the houses 
supplied with tlic i]n)dicated milk are attacked, in 
other instances the proportion is far lower. 

7. If the households supplied by the dairy in 
question are classilied according to the quantity of 
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milk bought daily, tlie iiivasions are found to be 
proportionately more numerous among households 
taking a larger Hiipply. 

8. A sinular calculation, substituting individuals 
for houMehohls, will give similar rosulte. Classifying 
tho consumers according to the average consumption 
per head in the houKcholds to which they belong, a 
heavier incidence upon tho larger consumci's will be 
manifest. Hence tho wealthi<!r consunuM S, upon the 
average, suffer more than tho ]»oorer class in milk- 
borne outbreaks, and a classilication according to rental 
will usually confirm this. 

9. Among persons wlio <lrink little or no milk, 
or only take it in tea or coflbe, or alway.s liavc it 
boilwl, attacks will be i-are, except after exposure to 
infection from earlier cas(‘s. 

10. As a corollary to this, there is often a much 
heavier inchlenco among childi*en and women than 
among men. This would bo e.specially signilicant in 
regard to enteric fever, which, under ordinary con¬ 
ditions chieHy affects adults. On the other hand, 
Littlejohn has poinb^d out that in milk-borne scarlet 
fever an exceptionally high proportion of adults may 
suffer. 

11. Tlie type of dis^e in milk-4}ome epidemics has 
been noticoil to be, as a rule, mild, and attended with 
low mortality. 

12. The incubation period is shortened, and there 
is some reason to suppose that the degree of infec¬ 
tiousness by contact is lower than when such diseases 
are not milk-lK>rne. 

Ift’ti’Mm or iood custards, which have as their basis milk or 
cream mixed with other ing^ients, may be briefly considered 
hero in Uieir relation to infection. A number of outbreaks of 
typhoid or diarrhtral disease have been attributed to the con¬ 
sumption of ico-cimm. Such outbreaks occurred at Deptford 
(1891), Liverpool (1897), City of London and Finsbury (1902), 
^slov (1904), and Eoclee (1910). The ice-cream may become 
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infooted owing to ntorago in infected promisee, between 
the process of *‘boiHng" and that of ** freoxing,** or owing 
to tho fact that thu substanoo hits been nindo by a person 
snfforing Iroin recognized or nnrocognized disfiue. It is on this 
account that, Minco 1895, local regulations have been in force 
with tho view of controlling the inanufaoturo of i(^-croatn. 
llmlor the Lofnjpn County Council (Uotienyl Poworn) Act, 
1902, ice-cream must bo made and sloroil in Kanitary premises, 
not living-rcKMiis, precautions must be taken an to protection 
from containinal ion, and tho name and address of tho maker 
must appear fm tho street-barrows. Similar powers are con- 
forrcHl by local Acts in CiverjuNd, (Jlasgow, ofe. 

Control of milk siiipplioN.— The roijuircment 
is a pure milk siipjdy, or in other words a 
cleaiif whole milk, unsophiKticutod and nimdulterateil, 
(a) derived from healthy cows, guaranteed free fi*oiii 
tuberculosis by tho tulierculin anil living luider 
clean and sanitary conditions; (A) obtained by clean 
methods of milking, strained, and protected from 
contamination ami from infection; (c) kept cool by 
means of refrigeration; and {<1) not ex)>os^ to dust 
or uncleanlinoss in any way fiv)m the cow, the milker, 
from the vessel in which it is place<), or from the 
)>ersou8 by whom it is handled. 

There are four means by which control can l>e 
exercised: (i.) the co7immer can demand pure milk 
and can kef^p it clean and sweet or boil it; (ii.) the 
dairy trade can conduct its htminess on sanitary linos; 
(iii.) communal enterprise, by medical commissions or 
otherwise, can produce certified ” milk of standard 
quality; and (iv.) the t^anitary Autfiority can exert 
legal control of the milk supply pp. 595,607, 616, 
627, 630, 648) in regard to adulteration, cIoanlinesM, 
and infection. 

Control by the dairy trader I>egin8 with the health 
and veterinary management of the cow, improved 
byres, clean cows, and clean milking (milkers and 
vessels). Subsequent protection with effective strain 
ing^d cooling is ahto necessary (including rapid transit 
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fco market). Low temperatures do not readily destroy 
germ life, Imt they have a most beneBcial elTect upon 
the keeping quality of milk. If the tciuperature be 
lowered sulKcieiitly, tlu! contained bacteria become 
inactive and torpid, and eventually are unable to mul¬ 
tiply or iroduce their charactmistic feriflentations. At 
aliout .bo F. (10 0.) the activity ceases, ami at a tem¬ 
perature of about -to F. organisms are practically de¬ 
prived of their injurious powers. If the milk is to lie 
conveyed lung distances, then even a lower temperature 
is desirable. 1’he most important point with regard 
to the cooling of milk is that it should take place 
immediatelt/. Various kinds of apparatus are effective 
in accomplishing thi.s. Perhaps those best known ara 
Lawreuee’s and Pfeiffer’s coolera, the advantage of 
the latter Iwing that during tlie procc.ss the milk is 
not ex|Hised to the air. It must not be forgotten that 
cooling processes are not sterilizing processes, and 
do not necessarily kill bacteria; they only inhibit 
activity, and tinder favourable circumstances torpid 
)>atho^mic*bacteria may again acquire their injurious 
faculties. Hence, during the cooling of milk even 
greater care must be taken to prevent aerial con¬ 
tamination than is necessary daring the process of 
sterilizing milk. No cooling should be attempted in 
the cowshed. Climatj makes lirtlo or no difference 
to the practical desirability of cooling milk, yet it is 
obvious that less cooling will be requii-ed in the cold 
season. The farther treatment of milk has in practice 
compriseit the addition of prsscrtMrftrss, co-ndensation, 
ond tttrilittttion, but with first-rate clean milk, con¬ 
sumed or bottled immediately after yield, these ate 
not necessary. 

Preservatton of nlik may be effected by 
boiling, by exclusion of air, or by the addition of 
sugar, borax (1-2,000), formalin (1-50,000), or other 
antiseptic. SucH preservatives are frequently added 
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to milk, especially in towns. They prevent rapid 
mnltiplication of germs, and so delay or prevent 
fermentation. On the other hand, they disguise 
the true comlition of the milk, and l>y cumulative 
proceas may cause poisoning in the consumers, and 
therefore shoifld be condemned. In ordinary circuin- 
stauces, with clean dairying and elfectual cooling, 
preservative.s ai-e wholly unnecessary. The L.Q.B. 
(1906) advise taking action if bomn preservatives are 
present in amount exceeding 40 grains per gallon. 

Condensed milk is prepared by evaporating down 
iit VMuu at a low temiierature to about one-third or 
one-quarter of the original volume, and most maim- 
factm-ers then add cane sugar as a preservative. The 
added sugar reinlers it too carbonaceous and fatten¬ 
ing,” though lacking in fat, but apart from this the 
nutritive value of condensed milk seeuis to be inferior 
to that of fresh milk, especially in regard to bone- 
formation and stamina. Condensed milk is, as a 
rule, fairly free from Bu.s|iicion of ordinary adultera¬ 
tion or pollution, but it is by no meatis always sterile. 
It is placed on the market os sweetened or un¬ 
sweetened condensed whole or separated milk. Its 
indiscriminate use is open to objection, and its sale 
calls for strict control. Dried milk is now widely 
used. It is the powder obkxine<l by passing milk 
rapidly between heated surfaces, or by drying on a 
cylinder in partial vacuum. It is used mix^ with 
water. It lacks enzymes, but is nutritioua 

Sterilization means the use of heat at or above 
boiling-point, or boiling under pressure. This may 
be applied in one spell of one to two hours at 
212-250'’ F., or at stated intervals at a lower tem¬ 
perature. The milk is sterilized—that is to say, 
contains no living germs—is altecetl in chemioat 
composition, and possesses a flavour which to many 
people is unpalatable. 
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Such a radical alteration h not necessary in order 
to secure non-infcctive milk. The bacteria causing 
the diseases convoyable by milk succumb at much 
lower temporaturos than the boiling-point. Advantage 
is taken of this in the process known as pasteuriza- 
tion, in which milk is heated to 167 -185“^. (75-85® C.). 
Such a temperature kills liarmful microl)cs, l>ecause 
75® C. is above their average thermal death-point, and 
yet the physical changes in the milk are practically 
nil, l)OcauHe 85® 0. does not relatively approach the 
boiling-point. There is no lixe«l standard for jnis- 
tourivjiition, except tliat it must he above tlio tliermal 
death-point and below the boiling-|H)int. Asa matter 
of ffvot, Ibb"' K. (70® 0.) will kill lactic-iicid bacteria 
and mosttliseose-producing organi.sms fotiiid in milk. 
If milk is kept at that temperature for ten or hfteen 
minutes, it has been “pasteurlzeil.’* If it has been 
boiled, with or without pressure, for lialf an hour, it 
has been “sterilized.” Tin? only practical difference 
in the i-esult is that sterilized milks have a better 
keeping quality than pasteurized, for the simple 
reason that in the latter some living germs have been 
unaffected. 

Sterilizjition may, of course, t)e carried out in a 
variety of modifications of the twq chief ways above 
named. When the pi*fcess is to be completed in one 
event an autoclave is uscii, iuorLler to obtain increased 
pressure and a higlier temperature. Milk so treated 
is physically changed in gi'eater degree than in the 
slower process. The slow or inlerinittent method is, 
of course, based on Tymlall’s discovery that actively 
growing bacteria are more easily killed than their 
spores. The tirst sterilization kills the bacteria, but 
leaves their spores. By the time of the second applica- 
Uon the spores have developed into bacteria, which in 
turn are killed before they can sporulate. Electricity 
ha« been used in storOizing milk, with good results. 
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The applicatioa of pasteurization to milk is now 
very widely adopted by corporations, dairy companies, 
hospitals, milk-dispensaries, etc. 

Butieu 

When ci-eain is violently agitated, the fat globules 
are ruptured and their contents clot together m bult-er. 
The water is expelled by pressure, and salt is added. 
The flavour of butter is due to the butyrin, caproin, 
and caprylin, which together constitute about 7 8 per 
cent, of the fat, the rest being composts! of olein, 
stearin, and palniitin. Btisides fat, which constitutes 
about 85 per cent., butter contJviuH wattT, ca.sein, and 
salts. The casein averages 2 5 per cent., but may 
reach 7 per cent, if the butter is carelessly made; 
such a butter keeps badly. The water ranges from 
H to 12 per cent, in good butter, and should never 
exceed 16 per cent. “ jMilk-blended ” butters have 
been found to contain nearly double this amount of 
water. The :i.sh should not exceed 8 per cent.; in 
pure fresh butter it is usually ai>out 2 or 3 per cent, 
or less, and includes calcium pliosphate and sodium 
chloride. 

Adulterations and analysis. —The adiiition of anoatto 
or other harinleiia oulouririg nuitler is not regarded as adultera* 
tioQ. Starch is sometimes added, and ma}' be nfcognized by 
its blue reaction with iodine. Th<‘ chief and only important 
adulterations practised are the substitution of foreign fat and 
the addition of water or proservativea, and, therefore, the 
analysis of butter turns chietty upon the proportion and 
composition of the fat and the proportion of water. 

1. The fat should oxevod bO percent, of the whole. (If 
the hotter is melted in a tall glass, the water and cord will 
collect at the bottom, leaving the pure fat aboved 

2. The specific gravity of pun; buttor-fat should range 
from 911 to 913. Margarine examined under similar coom- 
tions would range from 901 to 906. 

3. The melting-point of the fat should be about 36'fi* C., 
but it ie liable to variation, not only with variation in the 
relative proportions of normal constituent fata, but also with 
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recited moltings. Adultoration with dripping, lard, or other 
anttnal ful raises the melting • point, while vegetable fats 
lower it. 

4. The soluble fatty ucide (butyric, oaproic, capryli«r) should 
not be loss thin '* per cent. oi‘ the fui, and tho insoluble Inlty 
acids should not exceed 89 .) per cent. Butter fut differs from 
all others iif contitning fatly acids that are soluble in water, 
and their partial or wniplete absence denotes substitution of 
foreign fat. 

0 . Bure butter-fat is readily soluble in other, whereas 
other fjitH dissolve slowly and leave a residue. 

6. Bat crystals may bo visible under the microscope, and 
servo to show that th«» hutlor hivs l>eim moltu 1, presuuuibly for 
the purjiose of adultiTation. 

7. NWt«?r is oslimated by hojiting a weighed nuantity of 
butter over a water-bath until it c«ms<>s to lose weight. 

The iiegulrflions for tho sale of butter, niado in 1002 by 
the Board of AgricuUmo under section 4 of the Sale of Food 
and Drugs Act, KHOD, provide that ‘'where the proportion of 
water in a sample of butter exceeds 10 per cent, it shall be 
presumed for tho purposes of tho Sale of Food and Drugs 
Acts, 187o to 1899, until tho contrary is proved, that the 
butter is not genuine by reason of tho excessive amount of 
water therein.” 

Nothing lias boon iiiado out very clearly as to tha 
convection of s|»ecilic diHeaac by means of butter. An 
outbreiik of diarrluea iu a large liospital was shown by 
Sir Shirley Murphy to be iu all pioloability due to the 
consumption of a particular kind of butter. The 
symptoms resembled tligse of tyFO-1.oxLcon poisoning, 
to be mentioned presently (p, 156). 

Margarine has been the subject of special legisla- 
tion (the Margarine Act, 1887, and the Sale of Food 
and Drugs Act, 1899), which will be referred to in an¬ 
other section. The term is applied generically to fats of 
either aniiaaT or vegetable origin, the former prepared 
by churning melto<l and clarified beef or mutton fat 
with skim milk, and so treating it as to resemble 
butter in appearance and flavour as far as possible. 
Per this purpose ^certain proportion of genuine batter 
is freqitently mixed with margarine. It may possess 
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nutritive value little inferior to butter, especially 
if iiiaiiufactureil from pure animal fats. Chemically 
it diffei’s from butter in containing only traces of 
“soluble” fatty acids. It consists mainly of olein, 
stearin, am^ palmitin. The absence of^ butyrin, a 
chief constituent of liiitter fat, is the mast valuable 
means of distinguishing between butter and margarine. 

OllKESK 

Cheese is formed l>y tlie action of rennet uj>on 
milk, and consists of coagulated casein with a vari¬ 
able proportion of fat and .stilts. T)i(^ )>est, such as 
Cheddar, (.’heshire, double(llouceebn*, and most Ameri- 
fwi cheeses, ai*e uiad(^ frcun <‘ntire milk, the ptxjrer 
from skim milk, or a mixture of skim and entire milk. 
Stilton cheese is ma<le from entire milk to which cream 
has been added. Cheeses vary widely as to the amount 
of fat and water which they contHiu. A good cheese, if 
kept under suiUblo comlitions of t€m[)eniture, under¬ 
goes a cliange, known as “ripening,” wljich improves 
its davour. Oxygen is absorU'd, ammonia and car¬ 
bonic acid are given off. The castun undergoes fatty 
n)etainorpho.sis, and the calcium phosphate reacts upon 
the fats and the casein, giving rise to lime salts of fatty 
acids, and a soluble com{>ound of casein with phos¬ 
phoric acid. Lactic acid, vt^erianic acid, and loucin 
are also formed. Both in cheese- and butter-making 
this ripening process is due to bacteria and tliair 
products, and it is on account of this fact that much 
has been done in Denmark and America in the way 
of favouring butter and cheese by introducing favour¬ 
able oiganisms os “startei's” of the desired fermenta- 
tioa ^th natural and artificial ripening occasionally 
go wrong, and as a result we get abnormalities, such 
as rancid butter, “gassy” cheese, coloured cheese, 
or bitter cheese. Occasionally also poisonous bodies, 
such as tyro toxicon, mult. 
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Tyro«tox1coti (diazo^benzene butyrate) is a poison 
discovered by Vauglwu in clieeae that had undergone 
a peculiar termentatioii. Such cheese is not neces¬ 
sarily altered in appearance or taste, but has a much 
stronger acid reaction than usual. Tyro-toxicon can 
be detected chemically by neutralizing Vitli sodium 
carlwnate, exhausting with ether, evaporating the 
ethereal solution, and dissolving the itjsijlue in water. 
The aqueous solution strikes an orange, red, or purple 
colour when treated with a mixture of ecpial parts of 
carlmlic and sulphuric acids. It is unstable, and pre¬ 
sent gonovally in only very small quantities, which 
are difficult of detection. It is intensely poisonous, 
causing dryness of the mouth ami fauces, a sense of 
constriction in the throat, nausea, vomiting, diaiTlnea, 
and great nervous pi*ostratiou. The symptoms usually 
pass off in a few hours, but may end in death from 
collapse. Butter and cream, as well a.s cheese, have 
given rise to tyro-toxicon poisoning. In 1883-84 
there occurred in Michigan, U.S.A., an outbreak of 
che<»o poisoning, which affected 300 persons, due 
to tyro-toxicon (ruJt^Aan), and in 1901 17 coses of 
tyro-toxicon poisoning occurred in Finsbury. In 
l^th outbl’eaks the incubation i)eriod was short (only a 
few hours), and the symptoms were^ as stated above. 

Adulterations of ch «*080 are unimportant. Starch ia 
said to bo added aomelimro. Tho uao of akiinmed milk or 
colouring matter la not re^rded aa adulteration. Coiton-aeod 
oil or other foreign fat is aometimos added in place of tho 
abetracted cream (margarine chcoso). 

Analysis.— Tho proportion of fat to casein ahould not be 
leaa than 1 to ‘2 at the very lowest; sometimes the fat exceeds 
the oaeein. The fat may ^ extracted with ether, or mechani¬ 
cally by the Lofftnann-Beam process of melting and centri- 
fu^ng. The fat ahould be examined by the Heichert method. 
\N^ter ranges from 20 to per cent.,’fat from 35 per ctmt. 
down to 22 per cent. in good cheese, and to ! per cent, in 
ikimmod-milk cheese. O^iii varies Wwcon 26 and 60 per 
oent., and aalta between 3 and 6 per cent. 
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Lakd 

The internal fat of tlie abdomen of tho pig should 
be absolutely free from water and from foreign fat The 
addition of ^ater, which is not now widely practised, 
is detected by molting the lard in a talf glass and 
allowing time for the water to collect at the bottom. 
Cotton-seed oil is the other im|>oi'tant adulterant It 
is detected by its low' melting point, high power of 
absorbing iodine, and ro<luction of nitrate of silver. 

Egos 

The average weight of a hen’s egg is about 2 oz., 
of which 10 percent is shell, 60 |>or cent, white, and 
30 ]>er cent yolk. The white consists of albumin, 
with 86 per cent water, and the yolk of albumin and 
fat with 52 per cent water. The percentage com¬ 
position may also bo stated thus : Shell 10 {)er cent, 
albumin and fat 23 i>er cent, water 67 |X5r cent 

Preservation.—Air may be excluded by coating the 
shell w'ith butter, lard, oil, wax, gum, waterglass, etc., 
or by boiling for half a mimit; so as to coagulate the 
sui'face albumin. Antiseptics are also employed, e.g. 
the eggs are immersed in lime water, salt water, or 
solution of boroglycende. 

Tests are only necessary lor the detection of stale or 
rotten eggs. Two ounces of salt in a pint of water forms 
a solution in which good sink and stale ones float. 
Fresh eggs are transparent at the centre, stale eggs at 
the top (tested in front of a candle in a dark place). 

Vegetable Foods 

Wbent-flour is rich in albumin and carbo¬ 
hydrates, poor in fat and salta of organic acids. It 
contains from 8 to 12 per cent, of gluten, and can 
therefore be made into bread. The salts are chiefly 
phosphates of potash and magnesia. 
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Examination of flour.— Flour ohoutd bo free Irom 
acidity or mouldy amoH. Tho colour ahould bo white; a yellow 
colour indicates age, formoutation, or conversion of starch 
into doxtrin unci 

Tho mifrowwtpo may rovwil any of the following :— 

(1) Foreign alunh' H, ospu'-ially |H»tato and rico^tho characters 
of which wilf Ihj dcscrilmd jin'scnfly. (ii) Fungi^ th»i most 
common of which are sponingia of FiurinUt. One Bpf*cit*s of 
htfoinia priMluces “tarica” or “smut” of wheat; smut gives 
tho a diHagi-tHiablc smell, and the hivad a blue colour.^ It 
is said to raiwe diitrrho'a. (3) VUtrimtes and other orgfinisms 
in fcrnienting flour, (t) Afnrux furiiKP, common in damp, 
inferior Ihmr which is beginning t«» cbaiige. UWvi/s (Cn/afu/ra 
granarMiam also lio seen with tlie uakcii eve. 

Adulterations and impurities. -Tho chief aro the 
addition of foreign starches, mineral matters, and other ccroals. 

Analysis.— Wa/rr should not execfnl 16 per cent. The 
more tho water tho greater the liabilily to ehango. 
should not be less than 8 j>er cent., nml may reach 12 per cent. 
It is separated by making the tlouv into a jiaste and working it 
with tho fingers in a stroam of water until all tho starch is 
washed away. ,/fsA should not lie les.s than 0‘8 per cent, nor 
more than 2 per cent. If excessive, it should bo tested for 
iron (indicating addition of clay), calcium sulphate, and 
majmesium caflxinato. A simple test* is to shako tho flour 
with chloroform; tho flour flouts, but minoml mattcTS sink. 
A/imi is sometimes added during grinding. 

jRtyotiaed flour is detected by making it into a paste with 
dilute alkali, adding slight excess of uiiuto nitric acid, and 
then ireutralueiug; ergot gives a reddisb^viotet colour, changing 
to red in presence of nitric Jicid, and to i"iolet in presence of 
alkali, rotirsh givtus a herrinh'-Hke smell with ergotised flour. 

Foreigit sfa/vAes will be recogni/od under the microsc(^, 
but a few otb(‘r tests aro available. Ilean meal gives off a 
c^racteristic smell when drenched with hot water, and may 
also be detected by tho successive addition of nitric acid and 
ammonia, which strikes a deep-red colour. Potato sti^h 
grains swell up on the addition of a trace of potash in solution, 
whi^ scarcely affects wheat starch grains. Pure wheat floor, 
made into a dilute solution in water, is turned pink on addition 
of iMine; but if any potato starch is present a dork purple 
civlonr will appear. 

'fhe flour should also be put to the practical test of brwd- 
making. It may be added that a high degree of bleaching, 
which is obtained the lUe of peroxide of nitrogen, may 
be injurious. The use of *' imiaoveie,” such as variont 
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phosphutos, phosphoric acid, mixture of other cemls, etc., 
IS to be discountgod. {llamill)* 

Bread is mnde by mixing flour with water, and 
kneading it, so as to fonu dough by the cohesion of 
the moistened gluten. The dough is charged with 
carbonic acid, which occupip-s innumerable lacunm 
and renders the mass porous. The carbonic acid is 
snpplied by the use of yeast (“leaven”) or baking 
powders, or by kneading tlie dough with water charged 
with carbonic-acid gas under prossuie (“aerateil ” 
bis^ad). One iuindre<i pounds of flour make about 
130 to 150 lb. of brt'ad. 

During bivking a certain proportion of dextrin 
and sugar is formed from starch, and tliere an^ traces of 
lactic and butyric acid. Alum checks these changes, 
which are especially prone to occur if bad flour is 
used. Mechanically aerated bread is tlie whitest 
and most free from dextrin and sugar. About 1 
|)er cent of lioiled jxitato is fre^piently added to the 
dough. 

The various preparations sold under the name of 
baking powders are intended to give lightness to 
bread or cakes of various kinds, and the basis of them 
is bicarbonate of sodi^ combined with acid which 
unites with the soda during baking and liberates the 
carbonio*acid gas to rise tbroujh the dough in Imbbloe 
and so render the result more or less spongy. 'Jlie 
process is precisely analogous to that by which effer¬ 
vescing drinks are formed by adding a solution of 
some acid to a solution of the bicarbonate, with the 
single exception that the brisk effervescence of the 
liquid is prevented by the greater cohesion of the 
dough, through which the gas can only ascend com¬ 
paratively slowly and with difliculty. 

* » war meuare tn 1917 Uie Ooremment, thmosh tb# foodCmi- 

trgUcr. aathorlxad the addltioD to flour of SO-w per ceot of lOtMtitate 
cerealt. H will be asdentood that the osoal rtandarda of ebaraeter and 
^alteration of lb>ur, etc. are notappllcabie to war tlaie. 
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The majonty of the baking powders used have as 
their acid constituent tartaric acid or cream of tartar, 
or a mixture of those substances; but acid calcium 
phosphate is also used, and the powders may be 
divided into two classes, the tartaric t^id the phoi' 
ptMtic. “Jjelf raising flour” is flour to which the 
baking powder has been added, and with which 
tartaric or phoB|>hati(; preparations have been in¬ 
corporated, together witli soiliuin iiicarboiiate, for the 
purpose of producing gas when the flour is moistt*ned. 
Whether in baking powders or in “ self-mising flours ” 
the pre}mrations in which pliosphates are employed as 
the acidifying agents are iiahlo to largo contamina¬ 
tion with calcium sulphate. It should never exceed 
10 per cent. {Uamill*) 

Examination.— broad should l)e whito. A vnllow or dark 
tint nuiy Ixt due to old or inferior tluiir, bud yeast. Hdmixture 
of rye, or merely to prosonce of bran. Acidity may be caused 
by old or iufenor flour. Hrond is htwvy and soddi-n if from 
any cauHu the dough has not risen suffiiriontly : such CRitses are 
bad yeast, bad flour, too much or too little heat, or defects in 
manipulation. 

Wattr should not. exceed 45 per cent. An excess lowers 
the iiutrilivo value, and flavours the growth of fungi. The a»h 
ranges from 1*5 to 2*0 wx cent. Alum is detected by pouring 
upon a slice of bread, moistoncd by water, a freshly mado 
decoction of logwood chips, and then a Stdution of ammonium 
carbonate. If alum is present it acts as a mordant, and after 
the lapse of half an hour, or less, a strong blue colour is mani¬ 
fest, which is quite distinctive for practical purposes, so far 
as bread analysis is concerned, although magnesium car« 
bonate would, if nresent, give the same reaction. Pure bread 
is merely stainea pink by the reagents, and on drying this 
changes to a dirty brown. 'Phe blue given by alumina nuts is 
permanent on diy'ing—much more so than in the magnesium 
carbonate reaction. 

For legal purposes it is necessary to dotermine the alumina 
quantitatively, and then a deduction mast be made for the 
maximum amount of phosphate of alumina which may be 

* Stt flUi) Dr. J. Uf HwuiU’s Report to L>O.Bt od Nutritive Value of 
Breed t&d Whest Flour, ISll. 
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present in pure brwid. It is usual to deduct 16 gr. (of 
alum) per 4'1b. loaf, anything in excess of this being roj^rded 
as aaulteration. In exceptional cases pure flours may eon* 
tain more than tbix, and many analysts now allow 8 or 10 gr. 
per 4 lb. Alum used for purposes of adulteration usually 
Umoimts to from 20 to 40 gr. per 4-lb. loaf. ^ 

Foreign »farene$, esiiecially rice and potato starch, may 
sometimes bo detected under the microscope even after baking, 
but as a rule Ihoy are beyond recognition in bread. Potato 
makes tho bread ^mp; the percentage of water is high, and 
the ash is alkaline instead of laiing neutral. Kice has in itself 
a low ash (0-8.3) per cent. Kxcessive moisture and low ash 
should raise suspicion of foreign flour. High ash, on the other 
hand, is suggestive of mineral adulteration. 

Tho seuils of LoUum ternuUntum (darnel grass) may 
oceasionntly be ground with wheat flour, and cause vertigo, 
vomiting, convulsions, and other symptoms of poisoning. 
Various fermentations also occur in bread, producing chromo* 
genic changes, bitter, slimy, or mouldy bread. 

Barley is in the main similar to wheat in chemical 
composition, but contains more nitrogen, iron, and phosphates. 
It is liable to cause dinrrh<pa. Animal actinomycosis may 
be duo to eating raw barley or other cereals upon which the 
aetinorngm is epiphytic. Oats contain more fat and more 
nitrogen than wheat, and aru more readily cooked, but gluten 
is wanting, and hence b^'ad cannot be made of oatmeal. 

I^e contains less gluten than wheat, and makes a dark, 
sour bread, which is apt to cause diarrh<na in those unaccus¬ 
tomed to its use. Ergotism results from tho use of rye attacked 
by Olavi^pt puTpurea, Malza (Indian meal) contains much 
fat, and its albumin to be made digestible requires careful 
cooking. Pellagra has been attributed to a fungus {oerdtt) 
attacking maize. Rice is poor in nitrogen, fat, and sails, 
but is very digeetible. 

Leguminosce contain much nitrogen, chiefly in the 
form of leguiain. Peas and beans are less digeetible than 
cereals, and require prolonged gentle boiling. 

WatoKress grown or washed in polluted water ms 
found to be responsible for an outbreak of enteric fever in 
Hackney in 1903, which shows that inspection of watercress 
beds it necessary. Intestinal parasites may ako be derived 
from the same source. 

Potatoes are antisoorbatic and very digestible. 
Oood potatoes sink in a saline solution of specific 
gravity 1100; bad ones float. 

L 
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Starch is not a simple chemical substance, but a 
mixture of three bodies— granidoHe^ erythro-granulosey 
and cellulose, which are respectively turned blue, red, 
and yellow by iodine. Granulose is the most important 
of these, lulled in water, or with oxalic or other 
organic acid, it is converted into “ soluule staiTh ” or 
amidulin, a soluble dextro-rotatory substance che¬ 
mically indistingui.shablo from granulose, and giving 
the blue iodine reaction. If instead of organic acid a 
2-per-cent, solution of sulphuric acid is boiled with the 
granulose or starch, the soluble starch first formed is 
convei*ted into de.rtrin or erythro-dextrhi, a sort of 
gum, Vhich is <lextro-rotatory, and is reddened by 
iodine; it in precipitated by alcohol and acetic acid, 
but not by tannic acid. Still further heating with 
sulphuric acid pin^tlucos achroodextrin, which gives no 
colour reaction with iodine, and glucose. 

Erythro-granuloHC is proBoet in small proportion in wheat 
starch, and almost alwent in pututo. Its aiiinity for iodine is 
n^ter than that of granulose, but tbo red tint is roni^detely 
hidden by thadeep blueof theiodine-granuloso. If a minimal 
proportion of iodine is employed, Iho rw colour appears. Both 
the red and blue disappoar on heating, owing to dissociation of 
iodine and starch, but roappuir on cooling. 

Starch occurs in the yarioiu farinm^ea in micmsoopic 
granuU^s, which in many cues have u Hufficiently charactorislic 
appmrance to indicate theic origin. Thef^ranuloa wy greatly 
in sue. Some aro roundish, others oval, pyriform, truncatea, 
polyhedral; somo have distinctive markings, especially faint 
concentric rings or a hilum. 

Microscopic exuntnation of starches.—A little of 
the stuoh. in a state of fine powder, should be mixed with a 
drop of water, preferably containing 30 per cent, of glycerin, 
and put under the microscope. The prueipol varieties may 
be arranged in five classes 

1. 2^9* wai or pyri/orst yreiiu mth hilum tmd conoeniric 
rinf»,-—T^ group includes potato starch, and severnl varie- 
ties of arrowroot. Toos-Ies-mois, or Cuuia arrowroot, has the 
larg^ mins of ail; maranta (Jamaica or 1^ Vinosntl arrow- 
root is duraoterixed by a linear hilum at the larger eno. 
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Potato starch grains vary greatly in siso and shape; tho 
hilum is minute, but distinct, and is plM'cd at the smaller end.* 

2. Irregular, round, or oral graim with eteUate hiium, hut no 

nn^ri.—Mtiizc starch grains nrc round, or polygonal with 
rounded angles. Jloan and pea starch grains uro oval and 
very much alike, but tht.‘ forinur an; fur more uniform in the 
size of the graiu^ir'. • 

3. f?OM«d iff oval graiim without hiUm or rings .—Wheat 
starch grains differ greatly in size. an>i there is u characteristic 
absence of medium sizes; Ihc}' are round and tUttened. Polar* 
ized light shows a cross. 

Barley starch is much more uniform. Itye sbtreh granules, 
if old aiid dry, often present a large stellate hilum. 

4. Grains truncated at one r»//.--'Sugo starch has a round 
hilum at the convex end, and faint rings; the starch grains of 
prciMnwd sago have a largo depression. 1'apioca starch grains 
arc snuiller than sago, and soun; of them show signs of altera¬ 
tion by beat. 

5. Angular yratm.—Out stirch is often mussed into little 
balls or clusters of grains fairly consbint in size. Uico starch 
is smaller than oat, and popper starch tho smallest of all. 
Under very high power both rice and popper show a hilum. 
Tahiti or Tucci arrowroot is lurgi'r than oat starch, and less 
imilorm in size; it rusombles maize, but has sharp angles. 

Alcoholic beverages.—Alcohol, in dilute form 
ami moderate dose, is oxidized (98 percent.), and so 
supplies energy like food, and replaces in some degree 
fats and carbohydrates, but by dilating the surface 
blood-vessels it may cause more heat to bo lost than it 
is itself capable of producing ;^and in large doses the 
general paralysis of cellular activity pi^uced is so 
great that heat production is diminished, and the 
final result is a lowering of bo<iy temperature. It hat 
a paralysing effect on nerve cells and muscular tissue, 
and thougli having at first an apparently stimulating 
effect on the body, it <loes not give staying power. 
It may, of course, be associated with other substances 

* Potato atarch may alto be diwtlnKuiehod front arruwnxa by e<'rUlo 
ebomioM leata Wbeo mixed with half iU wei)d>t of liydrocftloric add, the 
former aivu a tnaaparent telly, Ute letter a white pMte. Potato etarsb 
gtrea olf m oflhnxive odonr when beBte<t witii aulphurio acid. Potato 
itanA Jelly ma^ idtb water tumn Uiln and eonr In twelve boar*, maraata 
vH to tkraa or toir days. 
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(as in malt liquors) which have a definite value as 
footl. Broadly s|>eaking, it may be said that the 
eficcts of largo doses of alcohol are the reverse of 
those produced by small doses (or amounts which may 
be taken ^without any elimination by ^the kidneys); 
that is to say, alcohol in largo doses acts as a depress¬ 
ant and proilucoB chronic irritation, which manifests 
itsolf in tlie stomach (inflammatory conditions, atro¬ 
phy), in the liver (cirrhosis), in the brain (degenera¬ 
tion), etc. Such conditions are, of course, modified 
by individual habits and idiosyncrasies, age and sex, 
exercises diet, occupation, and disease. 

THe three chief forms of alcoholic l>evemges are 
(a) malt liquors, such as beer, alu, porter, and stout 
(.‘1-8 percent, alcohol); (h) wines, such as the sparkling 
wines of the Hhino and the Moselle, champagne, 
liock, claret, etc. (G -18 per cent, alcohol); (c) spirits, 
as whisky, gin, rum, and brandy (40 or more per 
cent, alcohol). Rectijicd spirit contains 90 per cent, 
by volume of absolute alcohol; proof spirit is a 
mixture of* 57 •3 per cent, by volume of absolute 
alcohol and 42*7 per cent, of water. The ratio of 
alcohol to proof spirit lieing as 1: 1'76, the amount 
of alcohol in any liquid being given, the amount of 
pi’oof spirit can readily be calculated. 

Malt beers are made by inducihg yeast fermenta¬ 
tion of sugar, derived from the starch of barley. 
During germination, the insoluble starch is converted 
into dextrine, maltose, and glucose, the process being 
completed by “mashing” with water at 160* P. The 
wort is then boiled, hops are added, and, after cooling, 
the liquid is discharged with yeast into the fermenting 
tun. Non-malt beers aro made by fermenting glucose 
and allied substances obtained by the action of 
sulphuric acid upon starch. Wines are produced by 
fermentation of the juice of the grape, complete fer¬ 
mentation resultiitg in a dry wine, incomplete in an 
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effervescing or sparkling wine. Spirits are prepared 
by the distillation of sonie preWously fermented 
liquor; brandy from wine, whiskj''from malted barley, 
rum from molasses. 13ut there are many varieties in 
distilleiyr methods, and much “ brandy " is niadefrom 
potato spirit. 

From the iK>int of view of the medical officer of 
health alcoholic l)cver}iges assume imporUncc; in three 
ways: (1) disease caused by excessive consumption; 
(2) adulteration, and (3) fiuiidnlent imitations sold 
to the prejudice or injury of the piirchasei.* 

The diseases commonly aicrioiited to excessive 
consumption of alcohol are chicily alimentary or 
nervous, producing cirrhosis of the liver and various 
forms of gastric disease, or alcoholic neuritis, delirium 
tremens, etc. lliere is, in addition, a large amount of 
disease, dii'ectly or indirectly due to alcoholism, which 
does not appear in death certiticalion, and which is 
indicated in a general way by the relatively high 
death-rates of brewers, inn-servants, and innkeepers. 

The principal indices of alcoholism are (a) social 
characteristics, {b) economic results, (c) police and 
criminal statistics, (d) morbid conditions caused by 
excess, and (< 3 ) mortality-rates. In lltl5, in England 
and Wales, 497 deaths were attributed to ** alcohol¬ 
ism," and 1,772 to diseases oF which it was recoixled 
as secondary cause. The death-rate from alcoholism 
declined from 113 per million in 1900 to 53 per 
million in 1914. 

Arsenic in beer. —Of adulterants introduced acci¬ 
dentally or otherwise into alcoholic l>everages, arsenic 
in beer is ))erhaps the best example. In 1900 there 
was wide prevalence of illness in South Lancashire 

* Thfi Ceatnl Control (Uqaor TrafHc) Board, nppointod in Mi m «a 
*morgencT body dmios tbc war, provi<le<I for the *y»leiiiaUc dUatixn of 
alcobolic bevera^ The Board alao reduced the houra of aalc to H 
dtain, j»iobibn«(r‘'tnatitsg’' and credit aalea, and rwtricte<t off Mia and 
spirfte, with benefldal raulta. 
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and elsewhere, which was, after a time, identified by 
Reynolds as a form of arsenical poisoning, and traced 
to the consumption of beer from certain breweries in 
which highly arsenical brewing sugars had been used. 
These were found to l)e derived fram a common 
supply, in the manufacture of which, frf>m starch, 
arsenical sulphuric acid had been used. The arsenic 
(AsnO;;) found in the sulphuric acid wa.s 1'9 per 
cent., in the artificial sugars 0*008 to 0*131 per cent. 
(0*56 to 5M7 gr. per Hx), in beer often * to | gr. 
per gallon, .and in one sjiinple 3 gr. per gallon. This 
danger vanishes if care is taken to use acid free from 
arsenfe, but a more persistent source of arsenic in beer 
was found in the malt itself. The usual process of 
drying the malt in kilns with exposure to fumes of 
gas<cokc or anthracite entails risk of contamination 
hy arsenic in such proportions as gr. per lb. 
The most effective rtunedy licre would seem to be 
drying out of contact with the fumes; hut much can 
l»e done by selection of non-arscnic«l fuel, by careful 
construction and cleanliness of the kiln, so as to avoid 
arsenical deposits on ledges falling into the malt, and 
lastly, by “ brushing" the malt, whereby the fibrils 
(which readily become charged with arsenic) and 
surface dust are removed. At Halifax, iu 1902, the 
use of arsenical mnlt^ caused a local outbreak of 
poisoning among IxH'r-drinkers. 

It was estimated that iu the outbreak of 1900 at 
least 3,000 iwrsous were attacked in Manchester and 
Salfonl alone, and 0,000 iu all Many attacks were 
fatal For sonie time the nature of the epidemic was 
obscured by the unusual character of some of the 
prominent symptoms, more especially the peripheral 
neuritis and pigmentary changes. In the main, 
the attacks and their severity bore relation to the 
consumption of beer, but some of those attacked 
had apparently eonsumed but little, while some 
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heavy drinkers escaped lightly. Similar variations 
in toleration and susceptibility are met with in the 
therapeutic use of arsenic. A high degree of insus¬ 
ceptibility is recorded in the case of the Htyrian 
peasants, who^take large doses without appiirent ill 
effect, and it may be assumed hi the casd of some 
arsenic workers. It is important to note, as an aid to 
diagnosis, that arsenic can l)e found not only in the 
urine but in the hair. 

The Reports of the Royal Oomniission on Arsenica! 
Poisoning, dealing primarily with the outbr«jak of 
1900, call attention also to some risk of presence of 
arsenic in glycerin, phosphates, Iwric acid, colouring 
matters, and other food ingredients. The Commission 
recommended a penal limit of gr. of arsenic per 
))ound, or per gallon, in any food sulratance. 

In the ^^larsh-Derisolias tost, the saspectod material is first 
treated with hydrochloric acid in a suitable vessel. It is then 
placed in the Slamh-Derzelius apparatus, which consists of a 
Husk for the ^neration of hydrogen from which passes a 
drying tube ana a glass tube drown out in the middle and at 
the end. In this apparatus hydrogen is <ibtained from pure 
sine and pure sulpUnric acid, and the substance under exa¬ 
mination is plac^ in the flask. Hydrogen and aroeniuretted 
hydrogen escape through the drying tube, (Hintaining calcium 
chloride, and thence pass into the fine glass tube, whi<^ is 
heated over a Bunsen burner. The arseniurettod hydrogen 
is decomposed, and the arsenic is fiepusited on the waB of the 
narrow part of the tube, and so forms a '* mirror.” Firally, 
this mirror is compared with stamUrd mirrors prepared ^m 
known quantities of arsenic j|e.g. Vit *ud gr. 

per gallon). The Reinsch is loss reliable. * 

The question of adulteration of alcoholic beveragee 
is too large for consideration here, but, as an illustra* 
tion, mention may be made of recent work in con¬ 
nexion with brandy. In 1B76, owing to an outbreak 
of jihylloxeraf a parasite affecting and destroying 
vines, the usual output of genuine brandy from the 
Cognac district was curtail^, and artificial prepara- 
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tions were substituted for the genuine article. In 
the absence of any official or legal standard, brandy 
may be defined us an alcoholic liquor the spirit of 
which is obtained by distillation, in a ])ot-still, from 
the juice of the grapo, and which should contain not 
less than <80 parts by weight of esters* (calculated as 
ethyl acetate) per 100,000 parts by volume of absolute 
alcohol. 

WhUky may he defined jis con-sisting of spirit 
derived from malted barley, or a mixture of malted 
or unmalted barley or wheat, distilled in a pot-still. 
A spirit thus produced contains at least 380 parts of 
secondary bodies (higher alcohols, estoia, aldefiydes, 
etc.) per 100,000 of absolute alcohol. 

Vinegar has been (loiiaod as a liquid derived wholly from 
alcoholic and acctiuu) furmonlations: it must contuin not U^bs 
than 4 gnn. of acotic acid (CH,COOH) in 100 c.c. of vine><ar; 
it umst not contain arsenic in amounts exceeding 0 0143 mg. 
in 100 C.C. of vinegar, nor any sulphuric or other mineral acid, 
load or copper, nor may it contain any foreign substnnoe or 
colouring matter oicrpt caramel. Malt vinegar is derived 
whoUy from malted bitrloy or whoUy-from cereals the starch 
of which has Mon saccharified by the diastase of malt. 

Summary to relation of food and 
health.— 1. Certain essential constituents of diet 
may be deficient or in* excess. ^ 

2. Poisonous substances may be derived fi*om the 
vessels in which the food has been kept. Thus tinned 
provisions (fruit, fish, or meat) may b^me poisonous, 
and ci^er kept in lead-glazed vessels may cause lead* 
poisoning. 

3. Injurious substances may be added or sub¬ 
stituted accidentally, or by way of adulteration or 
preservation, or by improper processes of manufac¬ 
ture, or by the drugging of animals before death. 

4. Certain kinds of food ere liable to be occa¬ 
sionally poisonous .even in the fresh state (mussel* 
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poisoning), or when grown under unfavourable con¬ 
ditions (oysters, watercress, etc.). 

5. Putrefactive changes may have comroenced* 

6. Poisonous substances may be developed, cither 
a.s a result of parasitic growth (fcriuentation) or 
from, at pi'esent, unknown causes (tyro-toxfcon). 

7. The flesh or milk of an animal sufl’ering from 
certain spcciHc or parasitic diseases may impart the 
disease (e.g. tubcmulosis, trichino.si8, hydatids). 

8 . Food, and cs[>ecia)ly milk, may become infected 
by vims of human or animal origin. 

It should not be forgotten that disease in the 
individual, or more rarely idiosyncrasy apart from 
disciise, may render certain kinds of food injurious 
which to ordinary ponjons are wholesome. Ijastly, 
there are certain acce8Sori<‘8 of diet which may be 
injurious if u.sed injudiciously (alcohol, tea). 

In suspected cases of food-[>oisoning the Ailing- 
up of the following Table will show what articles of 
diet (if any) werc consumed by all the sick and by 
none of those who escaped attack (see Form of 
Inquiry, p. 124). 
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CHAPTER V 
SOIL 

Thk clieiiuua) ami phy^ioal constitution of the soil and 
ilio configuration of its sufftwo have an iin|>ortant 
bearing u|K)n many hygienic questions, |>at'ticularly 
in relation to water-supply, burial-grounds, sewage 
land tteatment, sites for buildings, and the prevalence 
of ce.rtain dvsea«<is. 

T«!inperntiir€* —The daily variation of tom[)era- 
ture ceases to l>c peiveptiblo at nlout 3 or 4 ft. from 
the surface. The annual variation is unimportant 
l>eIow 6 or 8 ft., very small below ‘it ft., and 
vanishes at 40 ft. {(laUon) or 50 to 100 ft, {Parkes). 
The umximum is later as tlie distance from the 
surface iucucases, and at K<linburgh it was found 
that in trap-rock at a depth of 24 ft. the maxi¬ 
mum was in January and the minimum in July. 
The absorption of heat, assuming that the exposure 
is equal, is determimHl mainly by the nature of the 
soil and the piv^ence o» absence of vegetation. The 
absorption by sand being taken as 100, that of clay 
is about 70, chalk 60, and humus or mould 60. 
Radiation varies in like manner, but is generally 
greater than absorption. Trees and shrubs intercept 
the sun’s rays, and on the other hand check evaiiora- 
tion from the surface of the soil, the net result 
being to render the gix>nnd cool and moist in winter, 
and cool and dry in summer when the leaves are 
out The evapoitition from leaves is very great, and 
tends to moisten and cool the air, and abstract water 
from the soil. Pottenkofer calculated that an oak tree 
170 
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with 750,000 leaves had in the summer months an 


evaporation et]mil to eight 
Algeria tlie Eucahjptm 
fjhbnlm has Iwen found 
to almorb auli eva})orat(t 
twelve times tlie rain¬ 
fall.* Herbage lessens 
absorption of heat by the 
soil, and also true radia¬ 
tion, but increases eva¬ 
poration and convection 
owing to the vast surface 
of the blades of grass. 
Urass, therefore, like 
trees, renders the soil 
cooler and drier, and 
more equable in tcinpera- 
turo. 

Earth tcm^tratiiroa are 
usually determined by ther- 
mometora mounted in pantflin 
or wax, suspended by a chain 
at the r<!(iutrcd depth in the 
soil (1 to 4 ft. or more), and 
withdrawn at daily or other 
intervals for reading (Fif^. 19). 
An iron tube driven vertiudly 
into the ground, protected by 
open wooden covers, affords 
a passage for the thermometer. 
Hystematic re{x>rds are usually 
kept of the daily readings 
of two earth-thermometers 


times the rainfall, and m 



Pi|- 19.**Eartli tbfrmonicter. 


(at 1 ft and 4 ft). At gi^ter depths tho internal heat of the 
earth produces an appreciable effect, causing a rise of about 
F, for ovory 65 ft. 


nioi§tnre.^At a certain point below the surface 
in permeable soil, all the interstices are full of water, 


* AsTSfMdf the air, forest* render twih the daily and anaual tenpera- 
taiea more equable, and increase the buinldltj (froUon). 




172 


SOIL 


[chap. 


to the complete exclusion of air. This subsoil water 
or grouiul'icater extends downwards to the next 
impermeable stratum. In inarsliy ground the sur¬ 
face of the subsoil water may coincide with that 
of the ground itsidf, and under Quinary condi¬ 
tions it iftay l>e from 2 or 3 to 100 ft or more 
b<dow the ground-levcL The surface of the ground- 
water is not necH^ssarily horizontal, or pamllel with 
that of the ground. It hows (usually towards the 
nearest watorcoursc or tlio sen) with a velocity 
that varies with the permeability of the soil, the 
steepness of tiio gradient, and the absence of o)>- 
struction by roots of trees.* Tlie level is affected by 
that jmrtion, of the rainfall which jwircolnt^'S through 
tho soil; also by the height of wabu* in a<ljoinmg 
streams or seas, and other conditions modifying the 
facility of outflow—artificial dminage, etc. Sometimes 
the range of rise and fail does not exceed a few 
inches, but it is more usually several feet. 

Alx)ve the level of the ground-water the soil, 
though aerated, is still ke))t moist by capillaiy attrac¬ 
tion, by evaporation from lielow, by rainfall, and by 
the movements of the ground-water. The soil con¬ 
stantly loses moisture by evaj>oration from the surface, 
both directly and thro\igh vegetation. 

The moieturo of a snmplh of eotl is estimated by weighing 
it before (a) and Hfter(A) drying it on a wntor-bath. Then 

——* X 100 = percentage weight of w'ater in simple. The 

level of the subsoil water is necessarily that of the water in 
surface wells, and may be gangttd by lowering into the well 
a cord or rod bearing little caps at short iiilervals, or more 
simply by means of an index connected by a cord with a float. 

When the ground-water rises, it forces air out 
of the soil, and at the same time may pollute 
wells by bringing into them the washing of im- 

* In Moateb Fsttsnkofiir MtimaM tb« velocity of the grouad-waUr to 
be 15 ft. put day. * 
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pure soil. As the ground-water falls again it leaves 
the soil moist and negated, conditions favourable for 
fermentative and putrefactive ])roces8e8 in organically 
pollutcfl soil. 

Damp ground is rendered dry, and the level of its 
ground-water permanently lowered, by subsoil drainage, 
surface drainage, and opening the outflow. For 
subsoil dminage “ agricultural ” jujws, i.e, iinglazed 
porous pipes, are laid loosely end to end nt the l)ottom 
of deep trenches, and covered in. The int(?rval to be 
allowed between the pamliel drains will depend upon 
the openness of the soil. 

Air (“ groun<l-air ”) is present in all rocks except 
the very hardest, above the ground-water level. It 
fills all the space unoccupietl by water or solid particles. 
The projiortion by volume varies greatly with the 
porosity and other conditions of the soil; loose sand 
may contain 50 per cent., and hutnus sevei'al times its 
own volume of air. (Iround-air contains moisture, 
organic matter of animal or vegetable origin, and 
sometimes NHj^, HjjS, and CH^. Carbonic acid is in 
excess, and increases with the depth; it also varies 
greatly according to the nature of the soil and the 
intensity of the local chemical changes that are 
going on in it. Oxygen is in relatively small pro- 
jwrtion, and decreases with ethe depth. At 13 ft. 
Fodor found 14 per cent, of COg and 7*5 per cent 
of oxygen. Many causes combine to keep the 
ground-air in constant movement, among them 
being wind, percolation of rain, variations in tem¬ 
perature and barometric pressure, and rise and fall 
of ground-water. 

Th« percentage volume of air in a sample of rock of tpeciflo 
gravity o may be determined by finding its weight when dry 

(a), and when saturated with water (b). Then X a 

X 100 « percentage of air. For loose soils Pettenkofsr used 
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two gfa<luated burottea connected together at the bf^ttoni by u 
olampod tube. One biii'ctto was flllod with water, and the other 
with dried and criwhed sample soil. •Water was then allowed 
to ptu» upwards through the soil, displacing all the air until it 
just reached the Hurface. 


No. of c.c. of water used 
No. ot c.c. of dry noil 


X 100 =: percentage of air. 


All rocks are more or less pertncalde, and there¬ 
fore capable of containing air or wat<ir in their 
interstices. A cubic yard of granite or marble holds 
about a pint of water, sandstone 25 galloiis, and sand 
50 gallons. 

Cbcniicnl €oni|>otiittoii.-.Tho ininend con- 
stituonts of soil are of the utmost variety, but only the 
organic matters will bo considered liere. The soil 
undergoes constant pollution by dead animal and vege¬ 
table iuatt<^r atid excreta, which are as constantly 
being removed liy putrefaction, nitrification, and the 
inHuence of vegetation. Apart from such obvious 
examples lis graveyards, manured fields, sewage-farms, 
and the like^ unintentional pollution of the soil goes 
on upon an enormous scale, especially around dwellings. 
Nitrates are commonly found in abundance in the soil 
of any long-inhabited place. Carlionic acid and other 
simple eomi>ounds aro formofl concurreutly; offensive 
gases ft}'o given off during putrefaction, but are de¬ 
odorized at\d oxidized by {mssing through aerated soil. 
VoMtable matters are more persistent. They may 
undergo putrefaction and slow oxidation, but it is not 
certain that nitrification takes place. 

Sometimes the natural level of Uie ground is 
artificially raised, constituting what is known as 
made soil.” This may be ordinary earth, but in the 
neighbourhood of towns it is a common practice to fill 
up hollows and to elevate low-lying sitks with trade 
refuse, ashes, household refuse, and even excremental 
refuse. From such* soil the impurities &drly rapidly 
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disappear, owing to oxidation and wasiiing liy rain. 
Sanderson, Parkes, and Savage found tliat in about 
three years moat of the vegetatde matters in cinder 
refuse had disap|)eared; wood, straw, and cloth were 
rotten but still distinguishable. Free exposure to air 
and rain and‘free outlet for drainage will •accelerate 
the process of purification. 

Baetcriul roDtfml. —Soil, particularly near 
the surface, contains many bacteria. These have 
been divided into groups according to function. The 
decomposition or denitrification organisms (many 
of which are anaerobes) alrotind particularly in soils 
possessing a high degree of organic matter, and their 
idle, Ixiing analytic, is to break down compounds of 
ammonia and nitrogen, yielding free nitrogen, COj, 
water, ammonia, and sometimes nitrites. These latter 
liodies are oxidized by the nitrifying organisms first 
discovered by Schlosing and Muntz in 1877. Nitri¬ 
fication is a synthetic process, and is performed in 
two stages; first, an oxidation from ammonia liodies 
to nitrites, carried out by the nitrous organisms 
(»i<rom-6ac<er»a); and secondly, the oxidation of the 
nitrites into nitrates by the agency of the nitric 
organisms (nitro bacteria). For the performance of 
their function these organisms require pabulum, 
oxygen, a base with which ititric acid when formeil 
can combine, and a favourable temperature. Both 
organisms are widely distributed in superficial soils 
(within 12 in. of the surface), and act together and 
in conjunction for the common purpose of nitri- 
ficataon. Their range of action is only limited by 
the amount of calcium present in the soil. In 
organic solutions, nitrous organisms thrive and nitric 
organisms do not, the reverse being true in in¬ 
organic solutions containing nitrites, in which nitrous 
organisms are incapable of the oxidation process, 
mie presence of peaty or humous matter appears 
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to preserve the vitality of nitric organisms during 
the fermentation of ammonia. It is owing to the 
fact that sewage contains vast numbers-of these 
denitrifying and nitrifying organisms that the " bac- 
teriai treatment” by contact bed is ^ssiblc. A 
third groifp of allied organisms are the nitrogen- 
fixing lutctoiia found in soil and in the roots of Legu- 
minocuc; tlieir function appears to i)e, directly or 
indirectly, the fixation of free nitrogen (symbiosis). 
This may bo performed under the symbiotic condition 
by the leaves, by distribution in the soil of the root 
nodules, or by the nodules themselves. It is thus, in 
part, that clover, vetches, jioas, beans, and other legu¬ 
minous crops increase the amount of fixe<l nitrogen 
in the soil, particularly where it is especially small 
in quantity. Associated with these groups of bac¬ 
teria are a number of saprophytic organisms, the 
function of which is not known. Houst^m has 
described certain acid-forming microbes in peat. 

It would bo difficult to over-estimate the value 
in the economy of nature of ’the three groups of 
organisms to which rufei'onco has been made: they 
remove organic inatb^r and waste animal products, 
they carry on the oxidation processes which are 
applied in the liacterial treatment of sewage, and 
they Ax free nitrogen.* Some, af any rate, of the 
pathogenic organisms are also known to live and 
multiply in soil, and at least thi'ce find in such a 
medium a favourable nidus. The bacillus of tetanus 
{B. tetani) is common in the soil and dust of certain 
districts, either in a bacillary form or in the resting 
stage of spores. The presence of this bacillus in 
jute factories is possibly due to its attachment to the 
roots of the CorchoTus in the soil of Bengal. The 
organisms of qtmrter-enl (symptomatic anthrax) and 
malignant cedema are two other examples <>f pathogenic 
bacteria in soil. iPossibly also the typhoid bacillus 
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is able to as^ime a vegetative or saprophytic exist¬ 
ence outside the body, surviving in oitlinory earth, 
whether virgin or polluted with sewage. It so, it 
follows tliai outbreaks of enteric fever may lie due 
to the difisen^nation (for example, by wind or flics) 
of infective soil dust. 

Sewage added to ordinary gaixUni soil Hpiiears to 
lead to a temporary incivaae only of sew'iige microbes 
at the ex|)ensc of soil niiorolTcs, the latter eventually 
ousting the sewage microbes in tbo struggle for exist¬ 
ence. Handy soil so treated do«'s not recover for 
some months. The chief kinds of liacteria resulting 
from such soil treatment are indol-producing bac 
teria, gas-producing bacteria, sjioivs of li. r.nieritidu 
njtoroge.nefi, H. coU and its allies, and streptococci 
{//(nmion). fc’urther, it should not- be forgotten that 
soil has the power of destroying some pathogenic 
germs as well as sewsge organisms 

Soil niid dinoaao. —Among imi>ortant speci> 
fic diseases, anthmx, tetanus, malaria, enteiic fever, 
cliolera, diarrhmjt, and yellow fever ai*c closely con¬ 
cerned with telluric conditions. Dampness of soil is 
favourable to phthisis and diphtlieria, and, according 
to some authorities, to rickets also. Goitre is often 
credited with a more indirect relation to the soil 
(p.79). 

Enteric fever and cholera exhibit m <»rtam 
localities a somewhat definite inverse relation to the 
fluctuations of the level of the ground-water. In 
Munich, Leipsic, and elsewhere, it has lieen found that 
a fitil in the subsoil water, and especially a rapid fall 
after an unusually high level, is followed by an outbreak 
of enteric fever. These observations, extending over 
several years, led Pettenkofer to the conclusion that 
the conditions requisite for an enteric outbreak are 
(1) a rapid fall (after a rise) in the ground-water, 
(3) pollution of the soil with animal impurities, (S) a 
X 
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certain eartii temjjeraturo, and (4) the presence of a 
specific organism in the soil. These conditions imply 
a warm, moist, and well-m^rated soil, containing pabu¬ 
lum suitable for the specific microl>e. On the other 
hand, the association of falling ground-water with 
enteric outbreaks is not observed in other localities. 
It has not been traced in England, a.s a r^ile, and, 
indeed, outbreaks have occurred with rising ground- 
water. 

Ent<?ric fever, cholera, and yellow fever are often 
endemic, a fact that in itself i.s strongly suggestive 
of telluric relations. They arc also found to flourish 
best* where the soil is polluted with excremental or 
other aiiiiital matter, 'fhe same may he said of diar- 
rhma, and llallard has shown that outbreaks of 
summer diurrhcea have a close relation with the e^mih 
temperature at a depth of 4 ft. Soil may l)ecome in¬ 
fected hy the spores of anthrax or tetanus, and retain 
the infection for an almost indefinite time. 

Buchanan believed not only that phthisis mor¬ 
tality b<‘ass a direct relation to dampness of suWoil, 
i.e. to height of ground-water, hut also that, when 
the ground-water is lowerod and the soil dried by 
artificial drainage, the reconlrd phthisis mortality 
falls; but this view must be accopted with reserve 
(aee p. 466). It appesra, beside^ that dampness of 
soil is favourable to all affections of the respiratory 
system, including bronchitis and pneumonia. In the 
absence of definite evidence the popular theot 7 that 
damp and cold soils are conducive to rheumatism 
and all manner of catarrhs may be provisionally 
accepted A high level of ground-water (say within 
5 ft of tho surface) is, therefore, objectionable, and 
it is preferable that it should bo 15 ft. or more 
from the surface; but frequent and extensive fluctua¬ 
tions of level are probably worat of all. The presence 
of clay, like high ground-water, renders a soil “ cold." 



BUILDINa SITES 


179 


V] 


BifildinK — PorouH soiIk, like sand or 

gravel, with low ground-wator, are the warmest, and in 
the main the most healthy; hut they are also the most 
liable to organic pollution, and the groiind-air moves 
freely in their^interstiees. Clay, and especially a clay 
slope, affords u far more healthy site than‘gravel or 
sand containing organic matter, the impure ground- 
air from which is constantly haoed out of the soil, 
and is also liable to he dru\vt» into the interior of 
houses through the baseihen.t. Tlt4‘ most unhealthy 
site of all would be a hollow witli impure, gravelly 
soil ami liigli and fluctuating level of groiind-wntcr ; 
the most liealthy, the summit of a slope with dry, 
pure, sandy or gi’avelly soil, and low and stationary 
level of subsoil water. Tlio for>t of a slo])e often 
receives the drainage from the higher grouml, and 
there is the same liability to damp at the junction 
of an upper poions and a lower impJTvious bed, 
especially if the strata dip towanls the point in 
cpiestion. In tropical regions it is m^essary to take 
into account the tendency of winds to pass up valleys 
and ravines, from lower to higher levels, during the 
day, and in the reverse direction at night. The 
proximity of marshy or “ malarious ” ground may lie 
<langei'0U8, even if the site itself is otherwise free 
from objection. Herliage is bAieficial, for the reasons 
already stated, and so too atT^ trees, unless they are 
allowed to interfere with light and circulation of air. 
Manured lands have not been proved to be hurtful; 
but irrigated lands, and especially rice-fields, which 
give off organic matter and much moisture are often 
injurious; and in Italy rice-grounds are not allowed 
within 14 kilometres of citi(», or 1 kilometre of 
small towns (Parkes). There seems to lie no good 
evidence against welt'manage<l English sewage-farms. 
“ Made soil” is usually impure and unfit for building 
sit^ The objection is greatest when the deposit is 
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rocent (within three years) and contains excremental oi 
other organic refuse, aii<l is so placed in hollows thai 
drainage and aeration are iinptMled. 

Ocoloffiriil iormnllonv.— Tlie following is i 
summary of Parkes’s conclusions in ^<?8pect to th< 
healthin»«59 of ccrtAin geological formations, but, ashi 
points out, they are of less importance than tin 
immodiat<!ly local conditions: — 

f/mM/Vir', iio'fiiiuoi'phif, and intp rwkn, miUnton- 
(/I'Uy nnd d^ij »htte ai'O impervious and generalb 
healthy. 1'he slojKi is great, v»>getation not excessive 
air dry, aiul water pur<‘. Marshes an* infrequent 
TheAo rocks, wlu’H \veatln-r«'d and di.sintegiutcd, ar< 
alleged toJ)e unhealthy. 

fAiHr.HUHu\ oolitt'y uud tni(fi>irsia)i. finif'Mtow, {d<do 
mUfi) have also much slope, and water passes oi 
readily. Mamlies may occur, even at grent heights 
Magnesian liinestono is the wowt and oolite the best 
Goitre and calculus may be met with. 

ChaJk is healtliy if pernieahle and free from clay 
The air and water are pure.- Goitre and calculu 
are less common than in limestone districts. Marl; 
chalks are impermeable, and therefoi'e damp and cold 
and may l>e mulariona” 

SandittoHf, if permeable, is healthy. The air ami soi 
are dry, but the watoF is often flnpurc. An admix 
hire, or substratum, of clay may render the site damp 
iVamf ia healthy if pure and dry. Many sand; 
soils are unhealthy, e.g. when the subsoil water i 
high and organic impurities ai'O present The wate 
is liaHe to contain salts of the alkalis, lime 
magnesia, and iron, and is often un6t for drinking 
purposes. 

Cr»viv«^ is healthy, except in hollows where th 
ground-water is high. Grovel hillocks are the hea! 
tbiest of all sites. Tiie water is usually pure. 

Alluvial aoiU, including clog and dente mar^ 
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are usually unhealthy. Water neither runs off nor 
through them, marshes are common, the air is moist, 
and tlie water often impure with lime and soda salts. 
The deltas of gn*at rivers present these alltivtal 
characters in the Jiighcst dogn'e, and should not be 
adopted for sites without thorough drainage. 

Much may l)e done to improve a site notnntmully 
healthy. If damp it inuv 1 mi dmiiti'd, or trench(*s may 
be cut around it so as to intenvpt the subsoil water 
on its way from higher ground, lly such nutans the 
level of the ground-water will lx* loweml and its Hue- 
tuations lessened. Damp ])Iaces near the sito may l»e 
drahusl or lilled in, and the site iUself may be artifi¬ 
cially elevated if iifH^essary. Tix;es are often desirable 
for shelter or ornament, but sliould not l>e allowed to 
interfere with light or circulati<m of air. Hank or 
superabundant vegetation must he cleared away, but 
short grass is beneficial. 
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OvvKrj.iN<Miou.sBs, lioMpitsilN, institutions, 

anti schools sliould ho cmitod on sites whoro it is 
possible to avoi<l dampness ami impurity of soil, os 
well as a cold, choorless aspect and expoaure to vio- 
loiit’winds. A dry, porous soil, such as sand, gravel, 
or chalk, should theret\»re he chosen, in a well (Irained 
situation, [»r<'feral*ly on a alopo, facin;( S.W. or S.E., 
ami not hemmed in hy higli tre<?s or high buildings. 
(See p. 179.) 

Oviinral coiiKlriivtion.—Mo.st of the ordinary 
building luaUu'ials ar<« pervious to air and water to a 
greater or h'ss exieiit. Oalton states that with a tern- 
peratun.' (Jf 40'^ F. outside, and 72‘* F. within, the 
volumes of air passing through a s<)uarc yard of wall 
vary aceordiiig to the mahTial, as follows : — 

Sandstone . . . Iw cubic ft. per hour, 

(juurriod limcHtone« . O-o ’ „ „ 

Brick . . . .7-9 

Limestone . . lO'l „ 

Mud .... U-4 „ 

The thickness of the wall is supposed to be the 
same in all cases. Mortar, cenmut, and concrete* are 


* .Vorfirr cv>iM]sta of xliftrp Mini .mil slukcJ litno In Uic pwiioKiou of 
3 to I. Ki¥«|ucutlj' inferior inatoriil in work<wl up Into inortor. Portland 
oemriit la niiide Itj* KritnUiit; otialk «ml tnixiiitr it with blue ols; «nd river 
mud, then burniiiK illit a kiln and >i;rimUn); it t«>aflne )M)wdcr. Oompo” 
iaaiuistHreofrurtlaud mnent with aainl for external piaaterinx in two 
coata, a rough cuat coiii|H>9cd oft {lart cement to & lurts saad.aud a flne 
coat of i part< tine Mtui and 1 part cement. With thla material walU are 
" renderou.'' ContrtUda coniiKMed of 3 t«rU broken ballast, 2 parte sand, 
and 1 part lime or cement 
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tlso pornteable, and the caustic lime they contain 
absorbs carbonic acid until it 1)ecomes saturated. 
Wo(kI in its natural condition absorbs water, and the 
inevitable joints and crevices admit of the passage 
if air and wa^er. Bricks are usually 9 in. x 4-J- in. x 
in. They are porous and absorbent, but if of good 
[uality make excellent building material. Stone 
raries greatly in consistence and durability. Portland 
)tone is much us(h} in the metropolis. 

By painting, varnishing, and other moans the 
inner surfaces of walls, doors, and ceilings can be 
rendered impervious, and walls lined with glased 
bricks or the finer cements (Parian) are scarcely 
p(‘rmeablc. 

The disadvantages of porous materials are ob¬ 
vious, and the air admitbKl in this way, though 
small in amount, is at least doubtful in purity. 
Pervious walls are liable to be damp and cold. Air 
{mssing through them in either direction is filtered, 
and the wall becomes charged with organic impunties. 
This is es|>ecially the case with the inner surfaces, and 
in hos))itals it is now customary to render the walls 
and floors impervious as far as possible. The exclU’ 
sion of damp and impure ground-air, by means of 
impervious basements, is absolutely necessary in all 
inliabiterl building This mSy most conveniently be 
oflected by covering the baseinciit in every part vdth a 
layer of concrete 6 in. tliick, m required by the Model 
Hye-Iaws, but other materials may be employed. 
It has been pro|> 08 ed to cut off the communication 
with the soil still more thoroughly by elevating the 
liouse upon Pinal's and arches, thus allowing free 
play of fresh air beneath it. If there no cellars, 
the same result may be attained in some degree by 
constructing the lowest floor a foot or two abare 
the ground-level, and freely ventilating the space be* 
nea^ by means of large air-grates. In houMt balH 
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and therefZ 

a iiTO, sheet lead, 
two layers of 
ordinary roofing 
slate set in ce¬ 
ment, j in. of 
asphalt, .stone¬ 
ware slabs, two, 
courses of Htaf- 
foisJ.shire bricks, 
or other imper¬ 
vious material, 
of the full thick¬ 
ness of the wall, 
above the high¬ 
est point at 
w'hieh the wall 
is in contact 
with the earth, 
and below the 
lowest tiinbens 


I4*v 

^ D«nij>-courie. 

cells? i I ti *»“ of *0010 or 

U or’the‘1“ "““'‘“y ** obviated by excavating 

to for?.‘’“^“‘!'“ ‘*>0 level of the Boor so a? 

device aim. “ impracticable the 

the wall •?*“ Hyo'^aws may be employed; 

^ waU .a made hollow up to a point above the 

at° the I*''*!’ ‘lamp-courses are inserted, one 

(Ire level of the bottom of, the cavity,^d of 
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course beneath the floor-level, the other at the top 
of the cavity, ainl thcrofoie above the level of the 
jfrountl outHule (Fig. 21). In this way tin? inner wall is 
conipictely isolated fmni the soil. Hydraulic lime 
.should also bemused in the mortar. 

The nec«;ssity for fri?c veiitilatioii extolids to all 
closed spaces, including tliose Ijelow floors. There is 
a tendency among 
builders to u.se air 
grates so constructed 
and arranged as to 
allow but littbf air to 
pass, if the venti¬ 
lation is insuflicient, 
the air becomes damp 
and musty, ami tlie 
fungous gi'owth 
known as “dry-rot" 

(MeraiiuH lacriimnn) 
is liable to set in. 

^ regrmls the upper 
storeys, however, the 
ventilation through 
the boanls and ceiling 
is usually sniiicient 
to prevent dry-rot, 
unless the floor is 
covered with oilcloth 
or otherwi® render.Kl ^ 

impervious, r i r e • 
proof floors arc now becoming common. 

The thickness of wails is often I’eguiated solely 
by considerations of stability, and the choice of 
matenals by their cheapness and convenience, but 
regard should also be had to warmth and exclusion 
of damp. It is sometimes advantageous to make the 
outside wall hollow or double, or even to fill in the 
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hollow of a double wall with pitch or cement The 
outer 8urfac«! may also l)e iiuwle impervious by paint, 
tar, cement, or slate. Damp walls may be due to 
ascending moisture wlnntj there is no damp-proof 
eoui-se, or to ovcrllow from roof gutters and nun* 
water pij^s, etc. The walls separating one houses 
from Atiotlier shouhl bo carried up to or above the roof 
in every part Any communication beneath the roof 
is objectionable for many rc^asona, including danger 
in cjiao of fire or Infectious diw'aao in one of tlie 
lioiises. The iMo<lel Hye-laws r«*quire for the external 
walls or party-walls of houses a minimum thickness 
of If in., increasing according to a proscribed scale 



Fi|. 22.—Flemish bond. 


when the htiight c.xceeds ‘if) ft. or the length 30 ft. 
Walls slnmld be properly bondml by Flemish bond 
(bricks placed tranHvci*sely and longitudinally by 
turn) or English bond (a course of longitudinal alter¬ 
nating with a course oi transverse). (Figs. 22, 23.) 

TJio roof itself affords very little protection from 
the extremes of tein})erature, and the rooms imme¬ 
diately beneath it, if intended for occupation, should 
have a “false I'oof” or ceiling over them, so as to 
leave an intervening air-.spacc! lielow the slates. 

The aize of the rooms will, of course, be regulated 
by convenience and by the purpose for w'hich they are 
intended. As a rule, tlie height shouhl not bo less 
than 10 ft., but extieme height is not desirable un¬ 
less means are provided for carrying away the hot 
and impure air •from the upper port before it con* 
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(loiises and falls again. A window 0 [Hnnng top and 
bottom and placed in an external wall is essential in 
evciy inhabited room, and as far as possible a due- 
northern, and therefore sunleas, aspect is to be avoided. 
Besides the M*imlow, oveiy room should have an 0[K5n 
chimney, or at least some permanent anS cUcctiinl 
means of ventilation not mdirely uiuh'r tlio control of 
the occupant. Rooms beneath the ground-level are 
liable to damp, stagnation of air, and d(*ficiency of 
sunlight, and .should m?ver 1)0 used as liedrixmis. A 
central hall or staircase of the full height of the house, 
with ventilating wimlows at the top, is useful in pro¬ 
moting free cireulatioii of air throughout the building. 
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For the sake of securing a share of sunlight in 
every room, it is preferable that rows of houses should 
run north and south, and that sijuare buildings should 
have ungloH in those directiona 

Every house should hav# lx>th in front and rear 
an open apace at least ecpial in length to the height 
of the building, in order to allow sufticient light 
and ventilation for the rooms on the lowest floor. 
The arrangement of houses in courts or small 
closed squares is objectionabh?, since the air cannot 
circulate freely. Culde-sac courts and courts en¬ 
tered under archways or by high-walled alleys are 
on this account to be deprecated. Nor should build¬ 
ings be so placed in relation to each other as to pre¬ 
vent free access of sunlight and air. The rpaoe 
In front of houses should be of a rainitnum width of 
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36 ft. for A street of more than 100 ft in length, 
which itself must l»c at least 24 ft. wide (in Ijondon 
40 ft). Model Byo-laws provide for at least 150 
su|)erHcial ft at the rear of houses. The London 
Building Actorystalli/cs the j)riuciple tl\jat the amount 
of space ht the rear shall b(‘ jjiopoi tionate to the 
height of the huilding, and it contains a numl^er of 
n*.gu!ationa as to building in new and old streets. 
Streets should not be of h's.s width than the height of 
tho houses in them, and a lino drawn from the ridge 
of the roof to the foot of the wall opposite, front 
uiid rear, shorild not make an angle of more than 45° 
with’thc grouml. 'I’he practice •)f buihling over hack- 
yards which prevaihal in ('entral Txmdori last century 
is wholly pornicioiiM, ftJi* such a system leads to back- 
tu-Umk houses. 

Back-to-back houses art^ dwellings in which 
tfirough ventilation cannot bo obtained owing to the 
fact that the bock wall of tlie house is a party wall 
ladouging in common to another tlwelling at the rear, 
so that tho two dwellings arc in contiguity, back to 
back. Sueb houses usually have dark and ill-venti¬ 
lated sculleries, pantries, storerooms, or living-rooms, 
almost devoid of sunshine; in the absence of back 
yards tho closets and aslipits are built in blocks, often 
at an inconvenient dist^sico and a public positioji; 
the absence of a curtilage is a serious inconvenience; 
and, lastly, the construction of back-to-back houses 
leads to overcrowding of iiouscs on the land. Tiie 
effect of l)Ack to-back bouses on tlio liealth of the 
occupants is manifostcil in an increased general death- 
rate, chieHy attributable, according to Parra Mair, to 
(a) common infectious diseases, (b) diarrluea, (e) pneu¬ 
monia, bronchitis, and other pulmonary diseases, and 
{(i) certain infantile causes of death of a develop¬ 
mental nature or due to malnutiition and debility. 
Tatham has skown that in such houses mortality- 
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ratoH are higher, by comparing the death-rates in 
Salford (2(5*1 per 1,000), where there were no back-to- 
hack houses, with the (Icatli-rates wIhm’o 18 |>er c(Uit. 
of the houses were of this character (29*1 per 1,000), 
and where 50 [Kir cent, were of this character (37'3 
IMjr 1,000). 'inuy «jt))ilar nd-urns Imve lA‘en made. 
Dana Mair, \vlu» in 1910 <<irrie<l out one of the 
most complete iiKiuiries of this kind, found tijat 
the corrected averag(^ aniuial dt?atli-rato frtnn all 
causes (1898—1907) in thirteen selected and compar¬ 
able towns was greater in hack to-huck houses than 
in through houses by lo per cent. Mortality from 
phthisis showed an excess amounting to 12 j>ercc,nt. 
in back-to-back liouses built in rows, l)nt not in 
such Iiouscs built to admit of sid<* ventilation, The 
excess of mortality fnnn all causes occurred chiefly 
in chihireii and in p(*rsons of (55 years of age or 
upwards. Bye-laws <lo not now p<*rmit th«^ erection 
of l)ack-to-|)ack house's, which are also prohihittid 
under the Uou.sing and Town Planning Act, 1909. 

The Interior of a house will (»f course 1>e arranged 
according to the taste and circumstances of the owner. 
Walls may Diitably )>« remlored in plaster (lime 
mortar, or cement mortar) and finished by linie-wash- 
ing, osinoutbuihlings, whitewashing with “ whiting” 
(chalk, size, and alum), di:item]X)rtng, painting in 
oils, or pa|)ering. Painting of wood, ironwork, etc., 
has many advantages, and tends to cleanliness ami 
pr^rvation. It may frequently be wfished. New 
|)aper8 should not l>e pa.sted over old ones, as tliis leads 
to filth, and, in tenement house-s to verminous con¬ 
ditions. The wall sliouhl be “ stripped ” ami cleansed, 
and, if necessary, rendered with size before the new 
paper is put on. 

New houses are constructed under the supervision 
of the 8.A., and in accordance with bye-laws pre¬ 
scribing all details necessary for saniiaty purposes. 
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Old houseb avo very often wanting; in many {K>int8 
now rcg>ird(^d as essential for tlie health of the 
inmates, and it IxM^oines a matter of considerable 
dilHculty to decide how fai* it is practicable to enforce 
modern requirements in such houses. If the defects 
are such •sis to 1 m‘ prejudicial to the health of the 
inhabitants, it is the duty of the 8.A. to require 
the necessary ivpaii's or alterations to bo carriei.l out, 
and it is incumbent u{K)n the M.O.K. and Inspector 
of Nuisances to bi-iug such cas(‘s to the notice of 
the Authority for that purpose. V>ry often it is 
not jwssible to (‘fleet such alterations as would be 
considered satisfactory in now pi'emises, and a certain 
dogrt‘fl ()f Intit’Wde has to be allowed. No hard-and- 
fast lino can bo drawn betw(‘on that which i.s essential 
and that which is desirable, and a similar difliculty 
frequently arises in deci«ling whether a house is or is 
not tit for habitation. Sometimes the question is only 
one of degree, in matters rtigarding which fixed stand¬ 
ards are imjKfSsibhs. Several causes may combine to 
render a liOkUsu unhealthy. 

Next to the external construction or fabric of 
the house come the important inattK^rs of wnttir 
mpply, ventilation., tnirnnmj., Ughtiny, and drainage 
These will now be dealt with seriatim, a separate 
chapter being reservwl f^r drainage and sewerage. 

Water supply to houaea.-^Oencral matters 
regarding water supply have already l)eon dealt with 
{eee Chap. III., p. 39). Fi'om the domestic point 
of view the im|)oitant points are (o) quality, (6) 
quantity, {e) ell^tive protection from pollution, and 
{d) easy accessibility. 

The Public Health Act, 1875, and the Public 
Health (Water) Act, 1878, give powers to the S.A. 
to enforce supply of water to individual houses, 
groups of houses, and villages. 

Under the 18(5 Act the 8.A. can only insist on 
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a supply to a house if the cost does not exceed the 
water-rate authorized by any local Act in force in 
the district, or 2 d. per week, or such other cost as tlie 
L.G’.B. may, on the application of the S.A.* determine 
to be reasonable. 

I'hfi Public* Health (Water) Act, 1878 ? apphoB to 
cvm' rural S.A., and aW (o Huoh urkin S.A.s as tho 
L.0.B. may onlcr (soctions and llj. Kvery rural 8.A. 
shall 806 that ovory oocupie<l dwcdling • houso within their 
district h>u<, within reiisonaMe distaiico, an available and 
Btifticient supply of wbolosomo watrr. If the M.O.H. reports 
that an on'ujtied houso is without such sup])!}’, and tho B.A. 
an* of opinion that aueh a supply vnn bo provided at a rooHon- 
able cost (the int«;rfi!it i-n which, at '» jht cent., shaH not 
oxcosd 2d. or 3d. per wcok, us the L.O.B. may, on tho 
application of the 8.A., detcimine to be loasonablo in the 
circumstanees), tho S.A. may require the owner (subject to 
appeal to the L.Q.B.) to provide such supply within a 
spocifled time, and, in c;iso of default, may themselves carry 
out the necessary works at his ex|>en.se. It renmins, however, 
tho duty of the S.A. to provide any |Mirt of their district 
with a supply of water, in cases where danger arises to the 
health of the inhabitants from the insulliciem y or unwholo- 
somenesB of the exi.Htlng supply, .'uid a general scheme of 
supply is required, and can be got at a reasonable cost (s. 3). 

The owner of any dwelling-house in a rural district that 
may bo erected or rebuilt from tho ground-floor after tho 
date of this Act shall not permit such houst^ to bo oc4 upied 
without a cortillcate from the S.A. that it is provided with 
a sufficient and available supply of wholesome wator, such 
eertifli^te to be based on the report of the M.O.H. or 
inspector (s. 6). If the B.A, provide a stand-pipe for w’ater 
supply, they may levy water charges iipon every dwelling 
within 200 h., as if the supply wore given on tho premises; 
not, however, upon such houses as have a good supply within 
reasonable distance, from another source, unless water from 
the stand-pipe is used by the inmates (s. 0}. 

Kvery rural S.A. must, through their officers or otherwise, 
provide for tho periodical inspection of the water supply of 
their district. The same powers of entry upon premises are 
given as are conferred by ss. 102 and 103 of tne Public Health 
Act, 1876, in respect of nuisitnees (s. 7). 

• The Metropolis Water Act, 1871, gave power to 

• the Board of Trade to make regulations controlling 
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the supply to houses by water companies. The 
Public Health (liomloii) Act, 1891 (s. 48), states that 
a dwoIliujK-house mIhiU be deemed untit for human 
habitation if it is without a proper and sutilcient 
supply of water. N<?vv house.s in London have to be 
certified m this respect. * . 

ViMitiIntion. -.One of the most important 
matters in connexion with buildings, particularly 
dwelling-houses, is ventilation. Taking the average 
fre<jucncy of respiiuliou as IG minute, and the 
avonigo volume of cacii breath as 30 cubic in., the 
volume of air e.xpired is .about 17 cubic ft. per hour, 
and if it wore possibh^ to carry this immediately 
away (as is <lone in tlu‘. case of divers) a fresh-air 
supply of 17 cubic ft. jwr hour would suffice. In 
practice^ the oxpinsl air cannot be prevente<l from 
mixing w'jth tlm rest, and wc have to determine how 
much fresJi air is nmlod to dilute down the respira¬ 
tory impurities to a permissible point, assuming that 
the whole of the air in the room is equally con¬ 
taminated. 

When the carbonic iici<l in the air of a room 
exooo^ls 0*6 volume jicr 1,000, the air Wgins to be per¬ 
ceptibly “close”^j<i person mkrhig from tiui opmair, 
and it is usual to adopt this as a standard of purity, 
an<l to aim at introducing a suffi<9ient supply of fresh 
air to keep the carbonic acid at or below this point. 
(See p. 2.) 

A thousand cubic feet of fresh air, containii^ 
0*4 cubic ft. of carbonic acid (see p. 2), can therefore 
take up 0*2 cubic ft. more without exceeding the 
limit of 0*G. As already stated, an average man 
gives oflf about O'C cubic ft. of carbonic acid per hour, 

so that X 1,000, or 3,000 cubic ft. of fiesh air 
per hour, are ueeded to maintain the standard of* 
purity. If othej* values be adopted for any of the* 
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preliminary data, the volume of fresh air needed will 
be proportionately modified. In general terma, if 


A =s No, of c.f. of CO^ in 1,000 c.f. of fresh air » 0*4, 

C B proposed max. limit of COg in the air of the room, 

R B No. of cJ. of CO^ given off per bead por hour » 0*6, 

P = volume oT fresh air i-vquiix'd per head per hdur to main* 
tain the standard C, 

Then F = - A ’ pewons the required 


, . M X R X 1,000 

volume hocomea —j-;—j-, 


H X 600 

C - 0-4* 


Example 1.—VVhat hourly supply of fresh air is needed for a 
Imll containing 100 persona, in order that the air of the 
hall may not contain more than 0 7 part of carbouio 
acid per 1,000 volumes of air? 

100 x 600 ^ 

Anwer: -■=-^ — 200,000 cubic foot. 

0*7 •“ 0*4 


Example 2.~lt 12,000 cubic feet of fresh air per hour are 
supplied to a room containing 10 persons, what proportion 
of carbonic acid will bo found in the air of the room ? 


The formula F 


C-A 


becomes 


12,000 s 


10 X 600 
C-.0-4* 


Hence 0 s 0*9 per 1,000 cubic foot. 


It is of course assumed that an equal volume <4 
impure air is removed to make*way for the fresh air. 

Oamelley, Haldane, and Anderson found that tb« 
determination of carbonic acid alone is not a satit- 
factory measure of the impurity of the air in other 
respects. There is no definite connexion between thi 
number of microbes and the amount of CO^ but hi 
general a high proportion of COg is accompanied by a 
high proportion of organic matter. Nor does it| (4 
coarse, include other impurities, such as sqlphv.* 




* Hhs BegUsh an «osipsjilas 

SMlstalBg Mi tau to gr. per 100 eabt... . . 

MtlHua ’hss 17 tr. la MUDBier sad IS gr. la wtetar. la liiis 
Pfoviadsl tos^as isaUevM. 
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A« gas forms in burning about its volume of 
COg, the products of combustion (on a standard of 
20 gr. of sulphur per 100 cubic ft.) would contain 
less than 0*6 gr. of sulphur to t500 litres of CO,. If 
the sulphpr were oxidized to SOj thii would corre¬ 
spond to about one volume of SO^ to 1,500 volumes 
of COj, which would not produce any jterceptible 
•0ect in the atmosphere of a room. Tlie sulphur con¬ 
tained in crude unpuritied lighting gas is present 
chieHy as H^S, about one-tenth Wing present in other 
forms (os CS^). Gas which is purified from cjirbon 
bisulphide is greatly superior from a hygienic stand¬ 
point to gas which is only purified from sulphuretted 
hydrogen. 

As regards the ntoro specific diseases, the Injurious 
effects of deficient ventilation arc obvious. Crowd¬ 
ing in a common atmosphere has long been known 
to bo disastrous in typhus and orysijKjlHS, and more 
recent experience has established this in respect of 
diphtheria^ influenza, and other inaladics, both as re¬ 
gards transmission of infection and intensification of 
type, and retardation of recovery. Ventilation has 
greatly les.sened phthisis in Imrracks and other institu¬ 
tions, and with cleanliness it has banished typhus from 
prisons, and hospital gangrene ai>d erysipelas from 
hospitals. The success of the open^ir treatment in 
camp hospitals and in sanatoria for phthisis has the 
same significance. It is evident that all diseases 
in which the breath is infectious must necessarily be 
more readily transmissible when the expired air is 
rebreathed in a concentrated form. 

Apart from this, there is abundant evidence of the 
gain in comfort, general health, and longevity under 
conditions of adequate fresh-air supply, and conversely 
of higher death-rates (general, and from bronchitis and 
other non-speciflt causes), impaired health, anemia, 
headache, and deprwion among those whose.lives 
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are largely spent in ill-ventilated rooms. Some of 
these etl'eots are felt at once by susceptible persons 
on entering a room in which othem work without 
discomfort, but the precise relation lietween them and 
the several physical conditions which impijrity of air 
connotes is not clear. E.\|)eriments have been made, 
with conllicting results, by removing one or other of 
these conditions while leaving the i-est to increase in 
a degree far beyond that met with in practice. Thus, 
in experiments by Haldane and Borruin Smith, 
carbonic acid alone did not appear to disturb 
respiration until it had risen to about 300 parts per 
10 ,000; nor did diminution of oxygen do so until the 
proportion had fallen from 21 to 12 |ier cent, of 
the air. 

The principles of effective ventilation are (a) 

sufficient cubic capacity and absence of overcrowding, 
(6) proper inlets and outlets, rightly placed, (c) cross¬ 
ventilation, (d) a moderate tem[ierature and humidity, 
(«) constant movement of the air, and (/) the air it¬ 
self being fresh, pure, dustless, and germ-free. 

Aiiwgpncc. —With ordinary appliances, and under 
the average atmospheric conditions of the climate of 
England, the air of a room cannot be changed more 
than about three times (ter hour without causing an 
inconvenient amount of drauj^t. Hence, in order to 
supply 3,000 cubic ft. of fresh air per hour, we should 
have an air-space for each person of at least 1,000 cubic 
ft. In calculating this, only the available air-space 
should be taken into account, deduction being made 
for furniture and other solid objects. It must be re¬ 
membered, too, that air stagnates in nooks and comers, 
and the useful part of the air-space is that in which 
the air moves freely. For these and other reasons it 
is more difficult to provide for the efficient ventilation 
of a small room than of a large one, the air-space pet 
head being the same in each case; but, on the other 
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hand, the tranapiration through walla, ceilings, and 
floors is relatively greater in small rooms, owing to 
their higher ratio of surface to air'-contents. The 
extent and practical importance of this tranapiration 
is proved ijot only by COj determinations but by the 
experience gained in sulphur fumigation, where the 
leakage of the gas is rapid and demonstrable in spite 
of every precaution to prevent its escape through 
openings. 

A further reservation is necessary. Above a 
certain height air-space ceases to be useful, since it 
does not assist ventilation ; and in such circumstances 
increase in height cannot compensate for inadequacy 
in length and breadth, that is, floor-space. There may 
be overcrowding and even suffocation in the open air. 
It is a common rule, in rooms of moderate size, to 
disregard height above 15 ft. iit calculating air-space, 
but the limit varies with the floor area. In the special 
rules for certain dangerous processes under the Factory 
Act, the roqqirement of at least 400 cubic ft. of air¬ 
space per head is coupled with a condition that height 


Atskaob Rbsvlts or Asstvsis or Ata m Stsspiso-Rooits ss- 
TWSSS 12.30 AND 4.30 A.K. [Carmlley,Satda>u,attd Andtrum.) 


Cablo ft. per 
bead. 

ill 

all 
^ 1 

jii 

111 

f - 

"i!¥ 

ll 

100- 180 . 

66 " 

1-16 

181 

80 

180- 260 . 

64® 

1-07 

16-1 

49 

260- 340 . 

63® 

1*03 

n-8 

32 

340- 600 . 

67® 

0-92 

8*4 

42 

600-1,000 . 

64® 

0*86 

6*6 

6 

1,000-2,600 . 

68 " 

0'67 

8*0 

9 


67* 

, 

0-79 

6*0 

u 
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above 14 ft. is not to be taken into acconnt. In 
hospitals and schools there is a standard of floor-space 
jier bed, or desk, apart from mere cubic capacity. 

The experiments summarized above were made in 
Dundee. Thpy tend to show that about 1,000 cnbie 
ft. per head are sufficient, and, indeed, the impurities 
were somewhat greater when very large sj»ce was 
provided, owing probably to imperfect ventilation. 

The same observers compart houses of one, two, 
three^ and four rooms, in regard to impurity of air and 
mortality from ditterent causes among the inmates. 
They found that the smaller the tenement the 
greater was the impurity of the air, as shown by 
inctease of carbonic acid, microbes, and oiganio 
matter. The death-rate incioased in like manner, 
and especially among children. Com|)aring oue-roomed 
with four-roomed houses, the general death-rate was 
doubled, and the death-rate at ages below S years 
quadrupled. The increase was most marked in 
diarrhoea, measles, whooping-cough, bronchitis, and 
pneumonia. The same general conclusions are well 
illustrated in the following table :— 


FiKSBiiar. Dsato-Bstss (per 1,000 living), 1005-6. 


Size of 
teneroeiitA 
(nanter of 
roomti). 

Census 

popu. 

Mtion, 

1901. 

All causes. 

Pi*)d|)al 

zymotic 

dwesses. 

Pbtblali. 

Rpfplra* 

torynscau 

[exrtudlng 

l>bthisis). 

100$. 

1006. 

1905. 1900. 

1905. 

1906. 

1905. 

1900 

One 

14,516 

82‘T 

39-0 

8-4 6-4 

8-5 

8-4 

8-4 

8-8 

Two 

9U462 

19*5 

22-6 

2-8 { 6*5 

2*1 

2*8 

S'* 

4-8 

Tb^ . 

21,380 

13-8 

14-8 

1-8 2-6 

1-8 

1-4 

2*8 

2-9 

Fonr » more 

n.l86 

6-6 

6-4 

J 

.•t , cs 

08 

0-9 

1-4 

1-2 

Tbe boroogfa* 

101,468 

18-9 

20-7 

2-0 j 0-7 

ri 


4-4 

4-0 


InclodtBg luUtDUoMl dwUui. 
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The actual air-spuce obtained in practice frequently falls 
Tory far ehort of l.UUO cubic ft. por hoitd, oven in large private 
housoe. in regieterod common lodging-houses the minimum 
is usually 300 cubic ft. pur head, but varies uci-ording to tho 
rogulittione of the difforont local authoritios, and in working- 
class dwellings it is froqiiontly much loss stilly The London 
Education (lommittoo ri^quiro 120 cubic ft per head as a 
minimum in primary schools (06 cubic ft. in infant schools). 
Tho lowest Mtandard oxpimsly sanctioned by law is that for 
canaUbouts, namely, 60 cubic ft. per head for adults, and 40 
for children. It is important to boar in mind that air.space 
is chiefly valuable us making ventilation possible without 
“ draught," and not as a store of fresh air. Tho foul air of 
an average occupied iK^droom in tho morning is a proof that 
proper ventilation has not iieon provided, whatever the m-igni- 
tudo of the cubic sjtaco. No bedroom, however large, over 
contains a sulhciient supply of frosh air for the night, but the 
larger the room tho more readily (ran oiheient ventilation l>e 
oontrivod. A thousand cubic feot of space per person is ample, 
if the air is changed three times per hour, hut m itsolf a thou¬ 
sand cubic feet of air is a sunicit-nt supply for one person for 
twenty minutes only, if the is to be kept down to 0*6 
per 1,000. 

The objection to draught is largely dependent upon 
its chilling elfKct, so that in hot weather, or when the 
fresh air is warmed artiticially, the air of a room may 
bo changed more rapidly than three times an hour, 
and in that case a somewhat smaller cubic space may 
be sufficient. ^ 

Although the oar))anfo acid of expirc<l air diffuses 
readily, the organic matter is less volatile, and 
hangs about in stagnant clouds unless dissipated by 
local currents. Hence the composition of air in an 
occupied room is not uniform, even at tho same level, 
though for prt^cticai purposes it may usually be 
assumed to be so. In a large room occupied by many 
persons both the local currents and the foci of pollu* 
lion are numerous, so that the composition of the 
air is much mqre uniform than in a small room 
occupied by one ^raon. If from any cause the 
air passing out of %e room U not the moat impure, 
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the remaining air will be found to exceed the theo¬ 
retical degree of impurity. The outlet should be 
at or near the highest point, since expired air, 
being warm and moist,* is lighter than ordinary 
air, and ascends at first to the upper part of the 
room. * « 

Tlie fregh-air Inlets or fans should be arranged 
as far as possible so as (i.) to avoid draughts im¬ 
pinging u|)on the occupants, (iL) to secure difiusion 
of the current, (iii.) to provide for movement of 
the air, and (iv.) to counteract the tendency of the 
fresh air (if cool) to sink to the lowest level. This 
may be elfected by giving it an upward direction on 
entering. 

In measuring a room for the purpose of calculating 
the air-space, recesses and projections may las taken 
8 e|>aratoly, and then added to or deduct^ from the 
total. A similar procedure will obviate any diffi¬ 
culty in cases where the ceiling is not horizontal 
throughout, t 

The ventilation of a room or building may be 
“natural” or “artificial,” the latter term being 
applied to mechanical means for extraction or pro¬ 
pulsion of air, and the foruser to all other forms of 
ventilation. 

• Tho VRpourof w»ter ii ligliter tlian%ir. Tlie wlumeii occupied ty 18 
p«rt 0 by weight of water vaiKtur, 32 of oxygen, and 28 of nitrogen are 
equal; these proportions boing, of coiirac, those of tlioir ree))ectlvf 
moleenlar weights. 

t Verv often only right angles ate met with, au that the floor area 
s length X breadth, and the cnbic capacity s area x height. The 
foliowmg rules cover most of the other conditions Ukely to occur In 
practice. 

Area of triangle s base x height x ). fEucUd I. 41.) 

Area of an Irregolar foarniided figure. Divide into two triangles, by 
(oining two opposite angles. Find ana of eacli triangle, and add tether. 

Area of a circle ss (diameter^ x 0*7864. 

Area of a semicircle s (diameter)* x 0'S«27. 

Area of segment of circle = chord x height x | 

Area of an elltpae s long diameter x abort diameter x 0*7864. 

Capacity pf a dome a area of base x height x |. 

Capacity of a cone or pyramid as area of naae x hei|^t x 
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IVatMral Tentilntlon is dependent upon wind 
(perBation and aspiration), upon uiffusion and local 
currents due to differences between internal and 
external temperatui'es, and still more upon local 
currents deternnned hy artiHcial heat, as in chim¬ 
neys or Ventilating gas-lights, although these last 
may perhaps more propf^rly be consider^ as artificial 
means of ventilation. In short, natural ventilation 
is dejtendent upon diffusion of gases, and the effects 
of pressure and temperature upon them. {See p. 5.) 

Air l|Dd« its way into a room hy the doors and windows, 
however close-fitting, nnd to a loss extent through brick or 
stone walls, ceiliiij^s, and doors. Those leakage!^ are very small 
il a proper fresh-arr inlot has been provided. Such inlets may 
be window oiieninga, or vontiluting fire-places t»r stoves, or 
special opening {ventilators). Windows should be made to 
open at top and bottom, but it is dHsiratilo to have in addition 
some means of admitting air at all reasons without draught. 
This may be done by having double windows, or one or ii.ore 
double panes, and providing an opening at the bottom of the 
outer and at the top of the inner one, so as to admit fresh air 
in an upward •current, liouvred pands and several modifica¬ 
tions of **hit-and-miss” ventilators are also available. A 
simple and effectual device (Hinckes-Biro's) is to place a board 
beneath the lower sash, [iropping it up and filling in the space 
below while providing a way for an upward indraught between 
^e two aasnoe. Another plan is for the upper part of the 
window to open in hopper f^hion, or to bd*hiDged mIow bo as 
to fall forwiud and admit air into the room as by a Sheringham 
mdfo. Hie Chaddock window is a useful form of ventilating 
window for institutions. 

VeiltiUktltlff tlre*placc8 hai-e an mr-chamber at the hack 

the grate, by fire. Fresh air brought hy a pipe 
from outside Is wanned in the hot chamber, and then passM 
mto the room. There are manv varieties, among which 
QaUo&*s is the earliest and one of the best. Ventilating stoves 
are in use, the fresh air entering through a coiled pipe exposed 
to the heat of the sto^-e. 

Specift] VeotllatCMV are of varied types, horn simple 
openings t^ugh the widl to the most complex arraugeinont. 
I^rtoratad brlclU s»uso little draught, the hoi« Mng 
conical with the wider ends inside, so ,thht the air stream 
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alftckens as it paases through tho wall, and is diffused upon 
entering the room. Sheringham's ventilator (Fig. 24, d) 
is a small >'ertical dap door in the wall near the eeilix^p, 
balanced by a counterpoise and hinged below so as to Ifdl for* 
wards towards the room; it is (Mised in at tho sides and front so 
that the cun'entscan only pass upwards. Tobln’a^venttlator 


c 



Fl|. 24.—Vedtibtors. 

A A, Toblo's: B B, MeKlDDen'H; oc, simple ventilating ahsO, ViUt OBp; 
s D, Sberlngham'B (Betiogas Inlet); 1 1 , Shniugham’s (acting bs ontJst). 


(Fig. 24, a) consists of a large upright tube rising 6 ft. or 
mon from the floor; fresh air from outside passes up this tube 
and into the room. VentlbitlBc cornices are made, ooniisU 
ine of a doable channel of perforated metal, cold fre^ air 
being brought into the room by tho lower channel, and vitiated 
air being received into the upper channel and carried to the 
chimney Or other outlet; another plan is to oarr)’ a pmforated 
inlet tnbe along the oomice on three sides of the room, and 
a irimihirly perforated outlet tube along the fourth^ side. A 
hoUow perforated metal beam, interrupted by a 
U t^ oeoM, nay be taken across the room, one half soriiiigas 
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aa iolet and the other os an outlet, according to the direction of 
the wind. McKinneU’s ventilator (Fig. 24, a) conoiste of a 
krger outer and a snialter inner tube, carried upwards through 
the ceiling; fresh air passes in between the tuties, and is dis* 
persod on entering tliu room by a horizontal Hange upon the 
inner tube; the inner ttibo, which is equal in sectional area to 
the inlet, aqd projects beyond the other both lt)>ove and below, 
carries off impure air. Another device is a vertical shaft divided 
longitudinally into two or tour separate channels, along which 
currents in opposito directions will always establish themselves. 
Workrooms may be ventilated by mcaits of a perforated ceiling 
of sine or paper, over which is a chamber open to the outer air 
on every side. An open-tiled roof, or one nut underdrawn, 
allows much ventilation. . 

6 oinq of the preceding arc intended to act ss inlets, but all 
aro liable to become outlets. Other kinds of ventilators are, 
like chimneys, designed as outlets only. An opening may be 
made from the room into the chimney near the ceiling, reflux 
of smoko being prevented by a number of little valves of mica 
(Boyle’s valves) which, in the absonoc of up-current, close by 
their own weight, owing to the forward tilt of the lattic-ed 
framework to which they are attac^hed. Ventilating gas-lights 
aro made, in which the products of combustion are collocted by 
means of a bell cover or glass globe, and conveyed away by a 
tube; this tube can be surrounded by a larger one, and the 
heated spaue bAwoon the two made to Act as a further extrac¬ 
tion ahaK. A similar use may be made of chimneys, the smoke 
being contained in a central metal tube, leaving a heated air¬ 
space all around it, which serves fur extraction. Or outlet 
pipes from the higher p;irt of the room may bo carried upwards 
for some distance in or close to the chimney so as to utiliso its 
heat in promoting an up-qprront. ExtrAtion tubes mav, of 
course, be carried from any part of the room, with or without 
taking advantago of th(Mio various convenient sources of heat, 
and they may Im provided with cowls. 

The size of openings required for the efficient ventilation of 
an occupied room under average conditions is about 48 in. 
p$r Asad, namely, 24 as inlet and 24 os outlet, but, according to 
Parkes, no single inlet should exceed 60 and no outlet 144 sq. in. 

Supplies of fresh air should be taken from suitable 
points free from risk of contamination, and, if neces¬ 
sary, the air may be screened through metal gratings, 
canvas, cotton-wool, etc. It may be washed by passing 
it through spray or*a film of water, or by being made to 
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impinge upon a tray containing water, and it may be 
warmed by means of ventilating fire-places or stoves, 
or by coils of hot-water or steam tubes at the inlet. If 
warmed, there is advantage in introducing fresh air 
at or near the ^oor-level; but if cold, it is necessary 
to avoid draughts which might impinge fipon any 
person in the room, and therefore the air is delivered 
at a higher level and with an upward direction. 

Outlets should be os near the chimney as possible ; 
the air in that part is warmest and most impure, so 
that the worst air is removed with maximum velocity. 
Above all, cross-vetttUation is necessary. 

Any barometric presflure P may bo regarded as prwiuced^ hj 
the weight of a column of air 0 / imi form and of height'll. 

Montgolfier's Rule affirme that air under pressure will 
rush into a vacuum with a velocity equal to that acquired by a 
body falling from the correiipondiog height H, which velocity 
may be determined by the Formula Vj = 2yH, g being the ac¬ 
celeration due to gravity (32‘18 ft. per necondj, and V the velo¬ 
city required. Thus, under standard conditions of barometer 
and thonnomoter, H is about 6 miles, or 26,400 ft., so that 
V^=2 X 32*18 X 26(400, and V = about 1,300 ft. per second. 

If, however, the air under pressure F passes not into a 
vacuum but into space containing air under a low pressiu'e p, 
the formula requires modidcatiun, the velocity being dependent 
upon the difference between P and p. It becomes necessary to 
escalate the height A of a uniform column of air (of the same 
standard of density as was adopted in determining H), which 
would give the presauro p. 

^ The formula then becomes = 2y (H—A), and in this form 
it is applicable to problems of ventilation. 

For example, it may be required to determine the 
theoretical velocity of up-draught in a vertical* due s ft. long, 
leading from a room containing air at a temperature f into tu 
open air of bwor temperature T*. Aa inlet for cold air is 
presupposed. The column of heated air in the flue may be 
r^^arded as balanced against an equally high column of cold 
air outaide in a sort of U-tube, and as yielding to the greater 
weight of the colder and less rarefied column; and the (unequal) 

* The bsigbt osijr mnst be tidten, even if tba coarse tiis flae 

is o^ue or befit. 
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WflighU of theie tiro oolamiu correspond to P nnd p. The 
bar'Hnetrio pressure at tbe level of the top of the flue may he 
neglected, since it affects both columns alike. Then, taking 
the density of the «*utaide atr as the standard, the height w may 
be put for U in the formula, and it only remtins to determine 
A, ^e height of the heated column when reduced to the same 
standard density. Air expands with heat to the extent of 
0*002 of its volume for each degree F.,* and hence 1 volume at 
T* becomes, at f®, 1 + 0*002 (<-f), so that the column of hotair 

of height X at t" corresponds to a height x X ^ 

at the stamlard temperature T. This, then, is the value of A, and 

y, = 2, * X rr0 ^ - (t --T))' 

Since is approximately 8*0, the formula may conveniently 
1 ^ written 


V 



X 


If, as an example, the external and internal temperatures are 
respectively 40*^ F. and 60** F., and the height of the flue 20 ft., 


V = 8 20 - (60 - 40) 

Hence the theoretical velocity of draught is 7*1 ft. per second, 
and this multipU^ by the sectional area of the flue gives the 
number of cubic feet discharged per second. 

The theofctioai velocity is subject to correction for friction, 
which varies directly as the length of the tube L and the 
square of the velocity, and inversely as the diameter D, that is 

In practice an aSowance of f, or even has to be 
made for friction, which is also increased by angles in the 
course of the flue. . 

The foUosring formula by De ChaumMit is convenient for 
asoettmning the relation between the sise of tiie opening and 
Uie hourly deliv «7 (4 air .*— 


D = 200 X ^ X v^*002 X * x 
where D s delivery of air, in eubio feet per nonr, 

^ X the sectional area of the tube, or of the inM or 
ouU^ in square inches, 


• Strfetiy weskipf, ll|ii is seeunte wily when T *» W® P., bat the 

•rrw It immatorial for the preseat parpoK. 
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X s height of heated coluoin of air, in fe^, 
t and T « the internal and external temperatures re* 
spoctively. 

Thus, if the heated column be 20 ft. in height, the internal 
and external temperatures 60*^ F. and 40^ F., and the required 
delivery 6,000 ft. epor hour, the formula will give sectional 
area necessary:— * 

6000 = 200 Ip y-002“x 26 “x (60 - 40), 
p = 33'66 sq. in. 

linear velocity with which air parses through an 
opening is determined experimentally by an an$minettr {$m 
p. 33], which should be placed, not at the centre, but about 
twO'flftbs of tho diameter from the side of the opening, so as 
to obtain the mean velocity’. Very delicate anemometers are 
made, consisting of four light metol vanes mounted obliquely 
upon a common axis, the revolutions of which are indicated 
automatically upon dials. The registering apparatus can be 
thrown in or out of gear by a spring catch while the vanes are 
revolving, so that the time can hi determined accurately. The 
linear movement observed during one minute, or less, is readily 
converted into velocity per hour or second, and this, muitipH^ 
by the sectional urea of the oponing, gives the cubic dischwge. 

Artificial veatiiation involves either propul* 
lion or extraotion of air, the establishment of a jdenum 
or vacuum in the room to be ventilated. In the 
plennm system fresh air, which if necessary can be 
warmed, washed, or screened, is propelled into the 
building. Fresh air may be driven into a room 
or building by revolving fans or other motors; 
vitiated air may be forced out or extracted by 
means of &uis, steam jets, a heated outlet shaft, or 
steam pr hot-water coils in or near extraction flues* 
The fans used for the purpose have vanes set obliquely 
upon a rapidly revolving axis, and work in a closed 
b^ or tube so as to propel a constant current of air 
any requited volume and velocity, somewhat after 
tbe manner of an Archimedean screw. Steam allowed 
to esc^ in a powerful jet into a due is oap^le of 
earrying with it 200 times its o;vn v<dame oC air. CUs 
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burnt at the foot of an extraction shaft may be made 
to carry off 1,000 times its own volume of air. 

Heat is by far the most generally employed 
extracting power in the vacuum system. Ordi* 
nary fire-places, chimneys, and ventilating gas-lights 
act in this way. Special extraction shafts, with 
gas jets or furnaces at the bottom, are common. 
^\ino8 are ventilated by means of a furnace at 
tlie foot of the upcast sliaft, air being drawn down 
another shaft and made to traverse the whole of the 
workings on its way to the upcast. A similar plan 
is adopted in steamei's, the upcast being a space 
around the funnel and boilers, a contrivance which 
has been applied also to house chimneys by confining 
the smoke, etc., to an iron tube passing up in the 
centre of tlio chimney shaft. Extraction is necessary 
where dust and fumes have to be drawn away at the 
{loint of origin, but is attended with some disadvai\tage 
from the difficulty of controlling the sources from 
which the supplies of fresh air are drawn, since it 
rushes in thibugh all available openings. Provision 
may, however, be made at suitable points for fn)e 
admission of pure air, which may be warmed, cool^, 
moistened, washed, or screened as it enters. When 
propulsion is adopted, the air is ,taken from one 
source only, and, bein^ more under control, is more 
readily subjected to such beating or other treatment 
as may be needed. (For factory ventilation, see p. 672.) 

The advantages of artificial ventilation are its 
constancy under d! conditions and the facilities which 
it affoi'ds for regulating the source and amount of 
frMh air, and the proi>aratory treatment as to tem¬ 
perature, moisture, and purification. Natural venti¬ 
lation is, of course, less costly, but is inconveniently 
subject to atmospheric conditions, and is inadequate 
for theatres, factories, and other large buildings. It is 
insufficient in the teopios. 
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In an ordinary room (he chimney is the moat 
important outlet when a fire is burning, air passing up 
with an average velocity of 4 or 6 ft. per second. In 
the absence of a fire the chimney still acts in some 
degree as an upcast, and ought on no account to be 
closed, unless a downward current establishes itself 
temporarily, and causes annoyance by its sooty smell. 

To test the value ol any particular scheme of 
ventilation it is necessary to consider (a) the cubic 
capacity of the room to be ventilated, and the num¬ 
ber of occupants for whom fresh air is to be provided 
on a scale of 3,000 cubic ft. per head per hour 
(2,000-2,.'i00 for children); (i) the possibilities of 
pollution or exhaustion of the contained air by 
gas-burners, etc.; (c) the efficiency of the means 
provided, whether natural or artificial (inlets, out¬ 
lets, velocity of air, its temperature, etc.), and the 
degree in which the means are effectively main¬ 
tained ; and (d) the application of physical, chemical, 
and bacteriological tests to the contained air (watery 
vapour, temperature, CO,, bacteria, etc.). 

Warming: is closely connected with ventilation. 
The principal methods in use may be classed as open 
fires, gas fires and stoves, hot air, and pipes con¬ 
taining hot water or steam. Some of these heat the 
room by radiation, warming tUb surfaces while leaving 
the air in it cool; some by convection, warming the 
air of the room and thus making it drier; some in 
both waya Again, some (e.g. open fires) carry off 
large volumes of air besides their own products of 
combustion; some (e.g. gas or other stoves) only 
little; some (hot pipes) none at all; while others, and 
especially fender stoves, do not ventilate but add to 
the imparity of the air. 

(a) Ordinary open (ires are extravagant in regard 
to fuel, and it is estimated that only about one^ighth 
part of (he potential beat is utilized in warming the 
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room, the rest being lost iu imconsumed smoke and 
einder, and in the hot gases passing up the chimney. 
The heating effect is very unequal in different parts of 
the room, being chiefly confined to the vicinity of the 
grate, and cold currents pass along the floor. They 
are, however, nnrat effective ventiIator8,'^and present a 
more cheerful appearance than stoves or hot pipes. 

The principal practical points in regard to the 
construction of open fire-grates are summarized by 
Teale as follows: (1) Use as much firebrick and m 
little iron as possible; (2) tlie back and sides should 
be made of firebrick ; (3) the back of the fire-place 
should flean over the fire, the throat” of the 
ney should contracted ; (4) the bottom of the 
fire should be deep from before back ; (5) the slits in 
the bottom grating should be narrow; (6) the bars in 
front should be narrow; (7) the space beneath the 
fire should be closed iu front by a close-fitting 
iron shield, or “economizer,” thus excluding cold air 
almost completely from the bottom of the fire, so that 
the fuel as it sinks is entirely 'burnt up, leaving 
only a fine ash, which drops into the space beneath. 
Another means of preventing waste of fuel is to 
make the bottom of the grate of solid fireclay, a« 
in the various “slow combustion ” grates; and the same 
principle may be applie<] to ordinary*grates by laying 
an iron plate upon the bars at the bottom of the 
grate. 

Coke is the residue, consisting almost entirely 
of carbon and mineral ash, left in the retorts when 
all the combustible ^es have been driven off by 
heat iu the nrocesa of gas-making. It is smokelett 
and less costly than^ coal, but it is diflicult to light 
and makes a dull fire. The prevention of smoke, and 
the complete utilization of the ffases and other products 
obtainable from coal >y d^tUlation, are import^t 
public advantagea * 
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(4) Oaa-f Ires have much of the bright and attractive 
appearance of open Kres. The gita is mingled with a con¬ 
siderable volume of air befoi'e ignition, as in a Bnhsen 
burner, and the intensely hot “but non-luminous Same 
impinges upon 4 )ieces of asbestos or iron, which become 
red- or white-hot, giving out light and heat. Simpler 
forms aie also made with ordinary luminous burners, 
the light and' heat from which are thrown foinvard by 
metal reSectors; oil-stoves are niaile on the same 
principle. In any case an adequate Sue to carry oS 
the fumes is essential.* A ga-s-lirc burns from 10 to 
20, or more, cubic ft. per hour. It is economical 
ami cleanly in use, creat(« no smoke, and can be 
lighted, extinguished, or regulated in a moment 
Ventilating gas-stoves are made, but the ordinary 
gas-tire, unless it be com|>osed of incandescent frag¬ 
ments of asbestos in an open grate, is less effectual 
than an o|ien fire in promoting ventilation. If the Sue 
is too small, as is very often the case, the air lajcomeg 
dry and oppressive, and there is risk of carbonic 
oxide escaping. 

(c) Stoves for coal and coke, as used in England, 
are commonly made of cast iron, the smoke and 
pi-oducts of combustion being conducted by an iron 
due to the chimney, or to the outside air. The 
fire may be more or less open,*or hidden from sight, 
but in any case the waste of heat is less than in 
ordinary fire-places, the sides of the store and also the 
due contributing to the heating power. As a means 
of extiaction of vitiated air a stove is inferior t > the 
ocdinaij open fire, although there is no difficulty 
in utilizing the hot due for the purpose of pro¬ 
ducing an up-current in a chimney. There are also 
many forms of ventilating stoves, fresh air being 

* Tbe connamptfOD gM (« nUtirHy targe and not Umltad to hOMN 
or dafkom Beakte* OOg, solplmr acida uid traoea of earboiile oatda an 
given oft The condenaatlos of fomee, whieh ii el^iued for loma |m 
■ tOTM, fo at beet only partial. 

0 
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brought in through special pipes, which in their 
course are exposed to the heat of the stove; in the 
** Oalorigen ” a coil of the fresh-air inlet pipe is 
placed inside the stove. Stoves tend to make the 
air hot and dry, an objection which may be met by 
placing vessels of water upon them. A more serious 
difficulty is a burnt smell w’hich is apt to result from 
their use, and a tendency to give off carbonic oxide, 
the source of which is a matter of some doubt It * 
has been attiibuted to oxidation of the organic matter 
in the air by contact with the heated iron, this being 
also assigned as the cause of the burnt smell. Oxida¬ 
tion of the carbon in the cast iron is another suggested 
ex}))Rnation, and it has Imhui found experimentally 
that red-liot cjist iron is pervious to carbonic oxide, 
and even reduces carl>onio acid to carbonic oxide, so 
that the gas found in the room may originate in the 
fire itself. Wrought iron offers far greater resistance. 
The joints, both of the stove and the flue, should be 
made strong and air-tight, and, in order to minimize 
the risk of giving ofl’ carbonic oxide, it is desirable to 
line the stove with fireclay, to coat it with silicate, 
or to use earthenware or wTought iron in place of 
cast iron. Stoves can only be appi'oved from a 
sanitory point of view if they (a) .^are provided with 
proper chimneys ; (b) kre of such a pattern that they 
cannot become r^hot, or otherwise contaminate the 
air; and (r) are supplied with fresh air directly from 
the outside. 

(d) Hot air is advocated by some authorities as 
tlie best mode of warming houses, as well os public 
buildings. This may be done upon the large scale by 
warming the fresh air in the basement, and conveying 
it thence to ail parts of the house along the passages • 
or by special channels. Tlie same end is attained in 
some degree by pjjscing a atove or fire-place in the halL 
Warm air may be supplied to single rooms by the 
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rentilating gnitea or stoves already referred to, or by 
allowing the fresh air to enter through a coil of hot 
pipes. The air can be moistened and, if need be, 
puritied by tiltmtion or washing. 

(e) Wanning can also be eflectcd by means of 
hot water or steam circulating in a system of 
closed pipes. The pipes may be carried round 
one or more sides of a room, near the floor, either 
open or concealed Indiind a skirting-board. Several 
turns or coils may be used at points where more 
lieating power is required, and it is convenient to 
warm the fresh air at the inlets by the same means. 
Hot water is usually employed for lieating piir- 
{>ose8 at a temperature below 212° F. (180"-200®). 
The circulation i.s dependent upon the water being 
hotter, and therefore ligliter, in the tube through 
which it leaves the boiler than in that which brings 
it back. Hence the Imilcr is placed at the lowest 
point, and the centrifugal and centripetal pipes are 
respectively connected with the top and bottom of the 
boiler. A feeding cisleni, and vents for the escape 
of air and steam, are provided at the highest point. 
About 12 ft. of 4 in. iron pipe are allowed for every 
thousand cubic feet of air-space to be warmed. The 
system should be so planned with valves and con¬ 
necting pipes as to allow of “ sliort-circuiting,” so that 
the heat may be turned on or cut off from any part at 
will. Hot water may also be used under pressure at 
temperaiutt^s considerably exceeding 212® F. (300®) 
on Perkins’s system. Strong ^-in. iron pipes are 
used, and, instead of a boiler, part of the pipe is carried 
through the hre. Steam coils may be used at high or 
low pressure in like manner. The systems which 
may be recommended for heating large buildings are: 
(a) low-pressure hot water with separate boiler, and 
with or without ventilating ladiators, for churches, 
schools, theatres, cottage hospitals; (6) hot-water 
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forced circulation, for hospitals, workhouses, asylums, 
etc.; and (c) indirect and plenum systems of heating 
(with ventilation) in prison colls and other places 
in which fires and stoves would be unsuitable. 

Lightinir*—The first requisite fot good lighting 
is adequacy^ and the unit of illumination is the “ foot- 
candlo,*’^ that is, the illumination produced by a light 
of one standard candle at a {)oint of a surface one foot 
from the source and so placed that the light strikes 
the surface at right angles. Thus, 1 candle 1 ft. 
from the surface is I foot candle, 50 candles at a dis¬ 
tance, of 1 ft. is 50 foot-candles, and 50 candles at 
10 ft. distance is O fi foot-candlo. t Light should also 
be constant and uniform, without glare and without 
casting extraneous shadows on the |>oint to be illu¬ 
minate. It may l>e natural or artificial. Natural 
light is admitted by the roof (to[i lighting) or windows 
(lateral lighting). Unsatisfactory natural lighting 
may he due to deficient daylight, insufiiciency of 
window area, artificial obstruction, or dirty windows 
or walls. Artificial lighting is usually obtained by 
use of coal gas, oils, or electric light. Oannel-coal gas 
is more illumiuant than bituminous-coal gas. The 
chief results of the burning of coal gas are an increase 
in OOij and watery vapour, raisimg of tem|)orature, 
with some production*of sulphurous acid and other 
constituent bodiea Each cubic foot of gas pollutes 
the atmosphere to the same degree as one adult person. 
The best form of gas illumination is now <M>mmonly 
obtained by the use of an incandescent-mantle burner. 
Oil-lamps give fair resuUe, but raise the temperature 
and give off OOj and watery vapour. Klectrio light 
is the most hygienic form of illuminatioa. No 

*Oa the ODDticeat it Europe the nuttr-canilti le tile nnlt(s& About 
,Vi>rafoot.c«itdle). . . . 

t Over the ** working area “ of a workroom iUumt(tatl«i at uoor-MTel 
•houM be not leas thw 0*28 root-eauille Mn roadways. OCS; on tiHe, 
bene^ or deak, according to fin«ieaa of work, etc., 1 to 8 foot.««ndi«n. 
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oxygen is used up^ no CO^ or moisture is produced. 
Unsatisfactory artificial ligliting may bo due to the 
provision of too few or too weak light sources, anti¬ 
quated methods, neglect of upkeep, artificial obstinic- 
tion, shadows,^ and wrong placing of sources. {See 
Re|K)rt on Lighting in Factories, 1915, Cd. ^000.) 

The results of iimdcKpiato illumination are damage 
to eyesight and persona) health, various forms of 
domestic insanitatioii, accidents in factories and work¬ 
shops, often accompanied by diminution in output of 
work and lack of discipline. 

Iiispertioii of iioiiscs* —The following sche¬ 
dule includes the principal points that may requu*e 
attention. The headings are numerous, but at^ 
meant to be chiefly suggestive, so tliat no important 
detail may l)e overlooked. A very few notes will 
often suffice in pi'actico. As in all other investiga¬ 
tions, it is wise to make explicit written notes on the 
spot, and to insert negative as well as positive results 
of inspection. 

Addrets. 

OceupUr. 

Owner .—Name and address. 

Site. —Klevation, aspect, slope. Proximity to hills, valleys, 
watercourses. Nature of soil. Lryams. 

House detached, #omi-aetuched, in a row, 
back to back. Access of light and air. Obstruction by 
trees, high grounds, or other buildings. Open i^^e at 
front, back, udes [stating an;a]. Proximity [stating 
distance in feet] of stables, cowweds, pigstyat, manure 
heaps, foul ditches, stagnant water, offcastvo acoutnuia- 
tion, offensive trades, or ether sources of ofliuvm. 

Yard wtd oHtbttildiH^$.—C.Qnd\iioa as to cleanliuen, living, 
drainago, area, closets, workshops. 

fbundofteM.—Damp-proof course, dry area, banking of soil 
agaiiut walls. Dryness of ba^meot. Exclusion of 
ground-sir. Ventilatioa of space beneath ground floor. 

SZateri^, thickness. Are party walls carried up to 
rooff Dilapidations. Evidence of damp at any part; 
probable source of sneb damp. 
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Roof. —Ck>iistruction. SoundnoM. 

Floors, staircases, windows, doors, ceilhujs. —Soundnoss. 

Rooms, —Xumbor on oarh storoy, includiiiff iMisomcnt. 

Ijonf'tli, brondth, and hoij^ht. 

WindowH. Total window-«p.ico. Space made to' 
open, and whothor opoiiintj top and bottom. 

Other moans of vonlilation. AMaintonance of 
ventilation. Cbiinuvy. 

Heatimj ammijements. —Orates, stoves, linos. Hot water or 

atoain system, toilers, bath goysors. 

Drninttijr .— 

Sink wastes | Construction and course of wast^ 

Hath wastes | pipes. 

Lavatory wastes l)*‘scriptiou and ellicicney of traps. 

Floor gullies j Di.sconneetion. 

SoihpipoB. ('oustrnetion, dinionsions, position, course, 
ventilation. 

Uullies. r'onstruclion and trapping. 

Clutters around eaves. KiKciency. 

Iiain*pipes. Course*, trapping, disennnoclion, destination. 
Leakage. 

House drains. Course, construction, dimensions, gradi* 
ents, ventilation, means t>f access (inspection chamber), 
disiamnoction from sewer (interceptor). Flushing, 

cleanliness. Soundness, us tested by smoke, chemical 
test, *or water. Drains uutlcr basement. 

Co.ssiK)ol (if any).—Position, constrnetien, dimensions, 
vontibition, overtlow, water tight. 

SttMtanj eonrcniences. —XuniWr, position, cleanliness, light¬ 
ing. ventilation. If outdoor, noto distance from 
nearest door or window. If ^orc than one house 
using same closti, noto thu number. State also 
number of m^cupants. 

W.C., trough-closet, slop-closet, hand-dushed closet. 
Kind of upjwTHtus, offioiency, source of water supply, 
sufficiency of flush. 

Pail-, pan-, tub , or box-closet. Size of receptacle, 
material, floor-level, moans of access, with or without 
ashes or other admixture. 

Privy-midden, privy with cesspit, earth-closet. Dimen- 

• At rtgonls slttping-runm in hasemeuf, iff “ uudorgfound rooms,'* 
certnin further detail are nei-^siiary, iwmely, depth of floor below level of 
adiolDlng street; height of room; height of eeiling stiovc footpath or 
neare^tt ground adjoining; width, depm, and lateral extent of area in 
front; depth ofdraia below floor; position of window in respect to steps 
(if any) bridging aervsS open area; the eonditlons as to letting and 
ocaupanoy. 


i of eauh 
I room.* 
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sioofl of roceptaclo, rclatiou of floor to grotmd>leveI, 
materials, water-tight, covered, arrangement for apply¬ 
ing ashes or eartli to excreta. Connexions with sewer. 
HouteJioM re/ust.—iloam of storage. Position. 

Scav^nginff. —Mode, frequoney, and efliciency of removal of 
excreta and household refuse. By whom performed. 
frtter *«pp/y.'~Publio or private, from nniins (by lap or 
stand-pipe), spring, stream, dip-trough, well, 

rain-water cistiTO; distance from house, constancy, 
sufficiency, purity. Note any obvious risk of pollu¬ 
tion. If from well, note depth, construction, lining, 
cover; distance in feet of nearest pos.-iiblo source of 
pollution, or tilth accumulation of any kind. If from 
cistern, not; position, construction, cover, cleanliness, 
connexion with w.c., discharge of overflow pipe. 
CUnHHnm of pmawf*.—Light. Ventilation. Cleanliness. 
Animah kepi. —Description. Numh<)r. Wherokopt. Nuis¬ 
ance resulting. 

-Number of residents. Ago, sex, occupation of 
each. Number of families; distinguishiug tenement 
occupied by each. 

Number sleeping in each ru<.im, if there is suspicion of 
overcrowding. Number sleeping in basement. 

Houses vary as to iieod for ins{>ection according 
to class and kin<l. Private houses occupied by ona 
family prosutnably belong to persons of sucli social 
position and habits that but little enforcement of 
sanitation is required. Houses let In lodgings, or 
tenement houses, on the contrary, require a good deal 
of supervision. Houses of this nature are such as are 
let out to separate families, living each in a sopa* 
rate occui)ancy of one or more rooms. There is no 
common kitchen or common dormitory. Houses let 
in lodgings are usually subject to special bye-laws 
under which they are registered and controlled in 
respect of occupancy, overcrowding, sanitation, peri¬ 
odical cleansing, etc. Not infrequently these Iiouses 
were built for use as private dwellings, and have 
become sublet without structural alteration. Under 
the Customs and Inland Revenue Act of 1890 the 
landlord of tenement dwellings let at rents not 



216 


HOUSE SANITATION 


exceeding 7s. 6d. per week may be exempted from 
inhabited house duty if the medical officer of health 
of the district certifies the iiouso as sanitarily lit for 
the purposes to which it is put. By that Ad^ and 
by l)ye'law8 for houses let in lodgipgs, a certain 
amount of control is exercised. 

Common lodging-houses are lodging-houses pure 
and simple, with living-room, kitchen, and dormitory 
open to use by nil the lodgers, who are not members 
of the same kiuiiy, h\it are isolate^l p<'!rsons tindiiig 
it convenient to lodge together. Artisans' dwellings* 
such os those under tlie Uuinno.ss Trust, the Peabody 
Trust,* etc., are blocks of “model” dwellings, not 
different in principh? from, but better in equipment 
than, hotises let in i<Klging8. Stable dwellings nre tene¬ 
ments over stables in “mews.” They are objection¬ 
able, owing to the o<’currence of effiuvia arising from 
stables, manure, ete., and they generally have other 
defects. Underground dwellings am tenements 
limited to l)a3<unent rooms, the ceiling of which is not 
higher dmn the level of the street. 
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SCHOOLS AND SCHOOL HYGIENE 

Bkoaulv speaking, scliool buildings aie of two types 
—(1) that ill which the class-rooms are grouped more 
or less completely around an assembly or “central 
hall "; (2) that in which the class-rooms are grouped 
around a corridor, veranda, or (piadrangle, inde¬ 
pendently of an assembly hall, following in some 
degree a " pavilion ’’ form of structure. The gene¬ 
ral principles as to site, surroundings, construction, 
and drainage are, of cour.si‘, the same for schools as 
for most other buildings. The cost of school building 
has increased of late years, and in nornial circum¬ 
stances is about £}0 to £1 f per head (at dd. per foot 
cube), including 10s. to 12s. per head for furnish¬ 
ing and eijuipment. The Committee on the Cost 
of School Buildings (1911) reported that reduction 
in expenditure was practicable by careful attention 
to small savings on numerous items. The building 
methods which were proposed to the Committee, in 
addition to the use of brick and stone, were the 
adoption of steel frame work (with curtain walls, 
hollow or solid, of concrete, brick, or patent material, 
including “ frassi ”), reinforced brickwork, ferro¬ 
concrete, brick with solid 9-in. walls or thin hollow 
walls, timber frame, and wooden buildings, 

Dlaaenalon*, —The Board of Education recom¬ 
mend that no school should ordinarily be built to 
accommodate more tlian 1,000 to 1,200 children, in 
three departments, and no single department should 
accommodate more than 400 children. For dqiart- 
m 



318 


SCHOOLS 


[CHAP. 


ments of this size a plan formerly adopted was that 
of a central hall (3^ -4 sq. ft. floor space per scholar) 
witli (about 7) class-rooms grouped round it. Smaller 
departments may have class-rooms opening from a 
corridor. For small schools a largo room with one 
or more class-rooms will be sufficient. I’here should 
always bo at lojist one class-room, in addition to a 
largo schoolroom, o.xcept in special coses. 

Wlicre the site is sulficiently large, open and 
fairly level, the most economical plan is that of a 
school on the ground floor, and this is preferable for 
•ducational reasons. In any case a school building 
should, preferably, not be on more than two floors. 

For older scholars the Board of Kducation pre¬ 
scribe a minimum of 10 sq. ft. floor-space per scholar 
(i.e. approximately 120 -140 cub. ft.; in army schools 
180-200 culj. ft. is allowed); for infants 0 sq. ft, 
unless there is no corndor or central hall, in which 
case more than 0 sq. ft. is required. The Board 
hav<; fixed a standard for higher elementary .schools 
of 15 sq. ft.' per scholar if single desks be used, 
and 12 sq. ft. for dual desks, and for secondary 
and “special” schools 18 sq. ft The height of the 
class-room should be not less tlian 12 ft. 

SlMcial classes- /or hmdkrnft dameK, tic. — Where 
prorislorj is made for tho torching of cookery, Luimlry work, 
handioraft, or special subjects, the Board of Education have 
pre8crit«d conditions. A cookery or biundry school should 
accomntodato 18 pupils, each having 25 sq. ft. of floor-space. 
Special arrangemunta must made for ventilation, sinks, 
ranges, 8tov<», etc. The toraperaturo should not exceed 70® F. 
ClaM-rooms for handicraft and for science wwk should have 
30 sq. ft. of floor-space for each echolMr. Bach schools should 
have their own lavatory aud cloakroom accommodation. 

For dtaf, oHide/fcdve Schools for affiioted 

children should not be held in the same building unless 
struoturallT separated. Tho 8»i)erficial area of the site should 
provide not less than 30 sq. ft. per child of open space 
exclusive of buildingsT and not less than 15 sq. ft. of 
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floor«8pace in the class-rooms, and 18 sq. ft. for physically 
dofoctivn cbildret.. Single desks should he provided, and 
suitable accommodation for manual instruction. Arrungomonts 
must be made for easy supervision, in residential schools 
600 cub. ft. pctr child should be provided in the durnutories. 

Sejmrato rooms may be provided for school doctor and 
medical in6pcctft>n (20 ft. long), and also for 8(di'>ol meals 
(kitchen 200 sq. ft. for 100 meals daily). 

Lighting* —Every part and corner of a school 
should be well lighted, and, as far as possible, from 
the left side of the scholars ; other windows in class¬ 
rooms may he rcgai*ded svs supplementary or for ven¬ 
tilation. Where left light is impossible, right light is 
next best; direct front light is in no circumstancM 
approved. 

Windows should never bo pi^ovided merely for 
the sake of external effect. All kinds of glazing which 
diminish the light and ai-e troublesome to keep clean 
and in ropair must bo avoided. A large portion of 
each window should bo made to open for ventilation. 
The sills of the main lighting windows should be not 
more than ft. above the floor; the tops of the 
windows should as a I’ule njach nearly to the ceiling; 
the upper portion may l>e made to swing (hopper or 
swivel), or the whole window may open on a central 
axis. The oidinary rules respecting hospitals should 
here bo remembered. Large spaces between the win¬ 
dow heads and ceiling collect foul air. 

Skylights are objectionable in schoolrooms or class¬ 
rooms, They may be allowed in central halls having 
ridge or apex ventilation. The colouring of the walls, 
ceilings (wanu white), and fittings, and the size and 
position of the windows, ai*e especially important in 
their bearing ou the eyesight of the children. For 
artificial lighting the incandescent gas-burner or 
electric light is recommended, properly placed and 
shaded (see p. 212). For ordinary school work the 
minimum illumination at the desk should not fall 
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below 2 foot-candleg, 1 foot-cancUe in assembly room, 
and 4 !oot-candlcs for special work (art, sewing, etc.). 
The iilumiuation on the blackboard should be 60 per 
cent, in excess. Tn all cases there should bo adequate 
shading to avoid glare. {Se'f p. 212.) ^ 

Ventilation [see p. 192).—Natural ventilation 
by external windows, lire-places, and extract flues is 
usually sullicient to inaintain the purity of the air in 
schools, but artiticial moans, coupled, when neces* 
sary, with low-pressure fans, Hltration, and warming, 
may be desirable though not always atbdnable in 
practice. Al>out 2,000 cub. ft. of f'l’esh air per 
head per hour is required, and, to avoid draught, 
it should enter the room at a rate not exceeding 
5 ft. per 8<'eond. The window area should be fully 
oiie>tenth of the floor area and may with advantage 
be one-flfth, and half the window space must be made 
to open. When the windows are suitably designed, 
earned to the ceiling, easily opened at the top, and 
opposite oach other or intelligently used in connexion 
with two or more warm outlet fldes or separate air- 
chimneys, and there are also large open ventilating 
flre-grates, stovos, or radiators, by which warmed fresh 
air is admitted, class-rooms can be both warmed and 
ventilated adequately and eeouontically. It is well that 
windows should have bo^h the top and bottom panes 
arranged to oi)eu, the bottom inwards as hoppers, 
the top as hoppers or swivels. Gratings in floors 
should not be provided. Besides continuous ventila¬ 
tion, rooms should be flushed with fresh air as often 
as possible. 

In schools in large towns it has sometimes been 
thought desirable to ventilate by means of the propul¬ 
sion or plenum system. In this case the air must be 
screened and moistened, and propelled by fan into the 
main entrance duct. It must also be heated, prefer¬ 
ably by steam coils! The system combines heating 
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and ventilation, but it is relatively costly, not always 
easy to work, iiid tlie air lacks some degree of fresh¬ 
ness. Moreover, the system has the evil effect of 
accustoming the children to closed windows. 

Wnriiiii|g {sue p. 207). —The temperature of class¬ 
rooms should be about r)6-C0“ F. Stovek are only 
approved by the Boaid of Education when provided 
with proper chimneys, supplied with fresh sir direct 
from outside by dues, and not so large as to occupy too 
much floor space, or of such material as will get red 
hot. Open tire-plaees have the great advantage of 
assisting ventilation as well as providing heat. They 
should bo protected by (ire-guards. A thermometer 
should hang in each room. Low-pressure hot water 
systems have been recommended for schools Where 
adopted 26-.‘)0 sq. ft of direct heating surface should 
be allowed per' 1,000 cub. ft of capacity. 

Deakti—Desks may bo claasitied in three givrapa; 
(a) the continuous desk with continuous seat or sepa¬ 
rate seats, (i) the dual desk and seat combined, and (c) 
the single desk and seat, adjustable or not adjustable. 
The id^ is, of course, the single desk of suitable size 
and character (or adjustable). In elementary schools, 
however, the most economical arrangement is, per¬ 
haps, the continuous desk with separate seats graded 
according to requirements. (This simple arrangement 
combines the advantages of dual desks without the 
disadvantages, and may provide for, say, half a dozen 
places with single pedestal chairs (the '^Bheflield 
System”). Many schools are now fitted with this 
kind of desk. It is supported on two plain pedestals 
screwed to the floor. &ich seat has a hack, and stands 
on a single pedestal. The advantages are that the 
seats are isolated, each child is accessible, and can 
stand by its seat in its place for drill, etc., and 
schoolrooms cannot be overcrowded as with dual 
seats or forms, Each seat occupies abont 1,000 sq. in. 
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of space. Cleaning is inucli simplified with these 
seats and desks. 

Tlje edge of the desk should be vertical, or nearly 
so, over the front edge of the .seat, and about the height 
of the scholar’s elbow ; that is to say, the “distance” 
between flie <idgc of the seat and the desk should be 
nil or minus, never plus. The seat should be at least 
9 in. wide, and al)out the lioight of the knee. The 
desk should slope and the seat be provided with 
a back : it is desirable to provide for adjustments of 
either the seat or the desk, so that they nmy be sepa¬ 
rated for writing and for the physical-exercises lesson, 
and brought together for reading. If a bench or con¬ 
tinuous desk is u.sed, 30 in. should be allowed to 
each pupil (18 in. for infants). 

Playground. ->The sui'face of the playgrounds 
should be levelled and smooth without‘being slippery, 
and composed of materials such as asphalt or grano¬ 
lithic cement, which do not form dust. They should 
be durable and well drained. Some authorities recom¬ 
mend tar-paving. Gravel, cindcr-ashos, shingle, and 
loose materials are unsuitable. A certain portion 
should he covered in for use in wet weather. The 
* whole playground should be o])en to the sun, and the 
school site should be of a size giving^t least a quarter 
of an acre to 300 childrdh, and tlie playground at least 
30 sq. ft. per child. The ))est shape is square. Play¬ 
grounds should be separate for boys and for girls. In 
towns roof playgrounds may be useful. 

Cloak-roomaf other than passages, should be 
provided where damp garments can be dried. Cloak 
hooks should be fix^ 13 in. apart (18 in. for girls), 
and gangways between rows of bo6ks should 1^ not 
less than 4 ft. wide. Cloak-rooms should be amply 
lighted and ventilated, with separate means of ingress 
and egress, and should, where practicable, contain 
lavatory basins (2 for every 60 children). In many 
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schools in Germany, and in a few schools in this 
country, 8how<*r-baths (for bathing 12-20 children 
at one time) have been instituted with excellent 
results. The usual type is a rase shower over a 
shallow bath ^unk in the door or in a separate cell, 
with or without a separate dressing-box. The water 
.is warmed, and a towel and soap are provided for 
each child. 

Water supply. —All schools should l>e provided 
with an adequate supply of wholesome drinking-water. 
If such supply cannot be obtained from the public 
mains, care must be taken to ascertain that the supply 
proposed is adequate, is of suitable character, and is 
not liable to pollution {gee pp. 38-57, 93). 

The pipes should l)e so laid as to be protected from 
frost, and so that in the event of their becoming 
unsound the water will not be liable to become 
fouled, or to escape without observation. Tliere 
should be no dirt^ct coinmunicatioii between any jupe 
or cistern from which water is drawn for domestic 
purposes, and any water-closet or urinal. 

All water-closets and urinals should be provided 
with pro|)er service cisterns, affording adequate Hush. 
Any cistern should bo water-tight, covered and venti-* 
lat^, and so placed that the inteiior may be readily 
inspected and cleansed. * 

Sanitary conveniences. — Separate arrange¬ 
ments are required for boys and girls, and tliere should 
be at least one closet for every 15- 25 girls and 25-40 
boys (in addition to urinals). Each must be pro¬ 
perly lighted and ventilated and have a door (3 in. 
short at foot and 6 in. at top). They should be dis¬ 
connected from the school proper by a well-ventilated 
lobby or covered way. Flush-closets ore best adapted 
for tile purpose in some ways, and trough-closets are 
used in many schools, But, probably, the time has 
come for schools to be supplied with a sufficient 
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QQinber of some simple form of wash-down closets 
with seimrato water waste preventer cisterns or, if 
necessary, fioshing apparatus for half a doseu at one 
time (p. 299). Dry-earth systems in schools require 
careful supervision. It is, of course? possible and 
fr«<iuontly necessary to make pails or earth-closets 
servo the piirposji in iiiral districts, but only by 
constant supervision can they be preventwl from 
becoming a serious nuisitnce in schools. Tiiey should 
be situated at least 20 ft. from the school premises, 
yhnals/iu proportion of 10 ft. for 100 boys, sliould 
be properly constructed of smooth non-absorbent 
material, and should have a sutheient water supply. 

SoiLdrains from schools .nhould be imnle of glazed 
stoneware pipe8(4 to 6 in. diam.), having a fall of 1 in 
48 for 4 in. and 1 in 60 for 6 in., and they must be pro¬ 
vided with traps, ventilators, and inspection chBnil>er8. 

School drnliiairc* —The following Memorandum 
of the Local Govern ment Board on the arrangements 
for drainage and disposal of waste matters at public 
elementary schools for which loans under the Bird's 
sanction are required (with special refei'once to 
schools in country places where sewers and water 
* services are not available) was issued in 1913 :— 

At a school, even who^c qo one r^iidea on the pramieee, 
provision will hnye to be made for the dispoSHl and removal 
of the following matters; (1) Excremental matters; (2) 
a^ea and other dry refuse; (3) waste water, as from lava¬ 
tories and 6oor washing; (4) surfaco-water from roofs, yards, 
etc. I^e best moans for disposing of these several matiers 
will varv in different cases according to facilities of drainage 
and water snpply and other loi-al conditions, and in choosing 
the most suitable arrangements careful regard will have to be 
paid to the circumstances of each case. 

Water-Closbts 

Where ah efficient system of public sewers and a constant 
water ettp|dy under pressure are available, water-cloeete 
ehonld be provided and their cootfuts conveyed into the 
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public nvweti by druia«, which should also recoive the liquid 
waste from urioaU, iavatorios, and sinks, and, where ponnitted, 
the surface'Wator. Water-cloHeta should be of^ siuiable und 
eiKcient tyix', with adequate sepamto Hushing urrangementa 
for each cioset. 

Where n wa^ir supply for flushing is available but there 
uro no sewers, if wuter-closcts are ndopU'd ibuy’ should lie 
draiued into a water-ti^'ht lank with un overflow discharging 
on to an etfirient Alter or e suitable area of land for irrigation, 
or into a water-tight ce8rt(K)ol withotu overflow, which should 
b« so (irrangod tJmt the contents can be roi'lily removed by 
means of a suilatfle pump into a tank eait, or by some other 
oflicient hicthod. In no case cun disposal of sewage by subsoil 
iirigalion or any system of leakage into the subsoil or by iti 
discltai^e untreated into a clitch or watorcoiirse l>o legorded 
ns siitisfactory. Where drainage is into a tank or cesspool, 
iain>water should be exeludod from the tuiwago with a view 
to lessen its volume, and, in the case of a ce»Bp(Kjl,to avoid 
the need for frwjuoiit omptying. 

Where sewers are available but no supply of water is laid 
on for flushing, it will gonoraliy be best to adopt some form 
of dry closet as described hereafter. Iland>flushdd water- 
closets do not work satishudoi ily. 

KABTH-Cl.OSiri-S 

Where neither sewers nor water service are available, as 
is often the case in small villages, some form of dry closet 
will be neci^ary. The closets may be furnished with movable 
receptacles (pail closets) or with small flxed riK'optaoIes on the • 
linos set out in the board's Model Bye-laws with respect to 
New Buildings in Kura! Districts, i.c. the receptacle should 
be of small capacity and water ti^^t construction with ImU 
tom at least 3 in. above the level of the ground, and auth 
arrangements to focilitate the application of dry earth or other 
absortent and the removal oi the contents. Privies with 
large deep pits or open middens cannot lie approved. 

The contents of tho closets should bo kept dry by excluding 
rainfall and, as far as practicable, all other liquid, and by 
the use of a suitable absorbent, which will be esp^aliy needM 
in the girls' closets. 'I'he absorbent may bo dry earth, ashes, 
sawdust peat dust, or road sweepings dried and sifted. (The 
ashes produced at a school are n^ usually suflScient in quantity 
alone, and there are none in summer.) A shed or other 
suitable accommodation should be set apart for the drying 
and storage of the abeorbeot. 

Arrangements will have to be made for the supply and 
f 
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HpI>licjition (»f tho abworWnt, and for tho froquont poriodical 
removal and disposal of thu cuntoius of tJio closots.* 

Wamk Watku 

Even where dry closets are provldo<l and rain-water is 
aopjimtcly.doall with, thri u will still he net'll for some mama 
of (lixpoaing of fuel waste liquids, hh from urinals, sinks, 
lavatory basins, and whhIi pails, if sijw^rs are not available 
these liquids may bo taken by drains to a Klter or irrigation 
area, or into a small cesspotd eonstnu-ted aaalreadv mentioned, 
fri somr* inslancts, where there is no ground helongfing to 
the school sufKcient for placing of a tank or cesspool, 

• The r«)]|iivv>it»( aiTnii^teiiifsit of raitli i l-scjs |i»a liefii I'oiiinl fn work 
■wUsnctorily at Koiiie riii-;il .•‘cIioxIh ; At tli*' l>iii-k >>f the range of cluscts 
Is II I'livenHl “earth ctiiiiiilier.''evtoiuliii;; the wliole leiiglhof the laiige 
hikI inensuring si>iii« T It. fioiii lr<>iit t> l':i<-k. At the >>nck the ciiaiie 
her is pAiliaily liivhIt'U 1<y ii ilwftrf wnll into two coinpiirtinenfs—one for 
dry iiml t!ni otlier for iise<i i-nith —Imving siuioe for » gangway Mween 
these ciMiiparliii'-ntH and the Weks of the elo.scl.s. In front the tluor of 
the earth i-liunilH-r is ('"iilinned into the sjiace under the closet seats with 
a alo|H> tnwimi.s the centre of (he ehanihei-. The sjiaco under the seats i.s 
o|»eii At the liaek for its fiilt width to thn earth chainher. Down tha 
gaiigwHy inns a chaiiiiHl fi-r urine which dischiirges Into a siiuill tank r 
this Rhaiinel and tank mo IUIihI witli )>eat. moss or sawdust to absorb Ui« 
urine ; when the atworlient is saturnUsi it Inis to bn lenioved, and fresh 
inaUwial sul>stitiite<i. 

Thn inodtv of use is ns folhiws; On«4ir more loails of dry earth are 
placvit in one of the ciimiiartnients, mid a layer of this earth 6 in. 
deep is spiwd on the d »*r under each closet m-at, so as to receive the 
exerct* uiwi it. Once a week, eoiiveniently on Saturdays, the fn-cal 
matter is covered up with a fri^sh layer of the earth until in coiireo of time 
thn heup ivachea a depth of nlHuit 'j li. It is then I'einoved to tlie 
empty coiiiiiartiiieiil to dry, and n fresh layer of earth is snreatl under 
the seats. This process is n-pcated niitil all (lie earth has neon shifted 
to the other coiii|>aitnient. It is then worki'tt t>ack again in like manner, 
using first the {xirUoii.s of caifli whieli have In-en dry ing longest. When 
this pnicMCi la pro|ierly carried out It has hecn lound that fu-cen end ]ia|ier 
aro inoireii«iveI.v disintegrated by the aetlon of the earth with Its contained 
organisms, ami that the same e.arth ran Im need over and over again 
without the iiee<l for aildithm or removal. 

Where (his system is adopted, cn-eful attention must be given to the 
following points: 1. Impervioiia materials must be used in all places 
where earth or fiecsl matter is linhle to come in contact with the 
atroetiire. Wood should not >« used. 2. Tho earth chamber should be 
properly roofed to exclude rainfall, and well ventilated. Its fioor 
■honld not lie below the ground level. S. All urine should lie conveyed 
away ftom the earth chamber, received in an aWorlwnt, and removed. 
4. Suitable dry eartli should Iw use«l. preferably top soil from a field or 
garden “In good henri,” Aalies arc unsuitable. r>. Clarefiit and intelli* 
gent attention must bo iwid to th«‘ working of the cloaeta by a petson 
npeeiallv detailed for this purpose, and tlie earth must be sniftM and 
rMlitributed at least once a wwk; it must not be allowed to get satu¬ 
rated with liquid, if door for access to the earth chamber will he needed, 
but should be kept locked when not in use 
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it may i>o nfa-osairy to use movable receptacles fur the rO' 
coption of waste liquids from lavutorios, urinals, etc., the 
receptacle for urine bein($ tilled with sotno absorbent such 
as sawdust. Such expedients, of loiirsc, require constant 
attention--at least daily--if nuisiince is to lie avoided; and 
in the case .>f«now schools, and, where Mssiblo, in all other 
casM, sufficient ground should be provided to render resort 
to them iinnecessiry. 

Where there is no public water service, ruiiuwabT from 
the roofs may often be usefully eollocted for washing pur|K)ses, 
being softer than well water. Whore uot so collected, if 
thei-c is no sewer into which to take it, it should be ex(duded 
from the sewage, and may be discliarged in any convenient 
method, as into a ditch or wittereourse. or, whore the soil is 
porous, into a euakaway pit at a sufficient distance from the 
building M> a.s not to cause dampness (»f the foundations. 

Whore possible, it is desirable that the sewage from the 
schoolmaster's house should i-e dctsill with by the saiiio ^ystem 
astluit from the school Iniildings, but wbei'e this is not feasible 
one or other of the methods for the disposal of cxcretal mat* 
tors and liquid waste ativudy nu-ntionud should be adopted. 

Where sewers and public wab-r service are not available, 
it is desirable that there should 1>e in connexion with the house 
plenty of garden ground on which to dispose of refuse matters. 

((KSKUAI. 

In connexion with the drainage and sanitary arrangements 
for schools, tlic following points should receive speeial at* 
tention« 

The drainage and closet arrangements should l>e planned 
on the general lines embodied in the Model Ifye^laws of the 

L.G.B. • 

Dntiin.-^Tho drains for foul water should be lA«d in 
straight lines between ins|)ection chambers, and so ns to be 
quite wntor-light; they should lie properly veiitilah^d and lx? 
disconnected, by means of a trap in an insiier-tion chamber, 
from any eraspool or covered tank into which they dis* 
cimrge. Should a drain have unavoidably to lie laid near 
a well or other source of water supply, the drain, if of stone¬ 
ware pipes, should be surroundvj with cement concrete at 
least 6 in. in thickness: or should be of cMt>iron pipes with 
lead joints. It is desirable that pijies of 4 in. diameUn* ahouid 
have a fall of not less than 1 in 48, and d-in. pipes of not 
less than I in 60. 

CestpeoU and tanka should ha\'e walls and Soon so con* 
ilructed as to be quite water*tight (this also applies to the 
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ftoon of lUtera ttn<l no iimcb of thoir oxteiDHl walls its are 
below the surface of the ground). They^ should bt^ not less 
than SO ft. distant front tlio st^hool or front any dwelling- 
houMR, and should bo aa far us poasiblo from any well or 
other iindorground source of drinking'Water M-hich might be 
in duiigor of being pollutetl by h aknge. Thoseewage disposal 
works should be fenced in so that they cannot l)o inlcrfttred 
with by the children. 

Cttssitools and covered tanks should bo properly ventilated 
and provided with a suitable pump, and should be in positions 
Conveniently at'cessiblo by a lank cart for tho purpose of 
emptying, 

Tht! cajiaciiy of ttinks which overflow on to a filtcr-bod 
or irrigation artta need not (ixtrocd from ono to two days* 
volume ef sttwugo;* but ccas|iuo]s which have to Ih* emptied 
from Una* to time should be of larger cit|>a<'ity. Filter-beds 
should bo not toss than 2 ft. C in. in depth, and the fillciing 
medium should consist of some har<l and clean material, rare 
being taken that the liquid is evenly distributed over tho 
surface of the flller*i>ed by a suiUible apjtarutus. Filters sliotild 
in all cases have free outlets, so as to drain Ihe whole of the 
filtering media If no land tn^atment is provided, the area 
•>1 tho filter-bed should be sullident to deal with the liquid 
It a rate not exet^ing -10 gitilons per in|. yd. per day for a 
Alter 2 ft. 6 in, deep, or at a propurt lotmtoly greater rate for 
deo|>ei' filter. When subfu^iuent land treatinont of the effiu* 
mt is adopted, a rate of filtndion twice as rapid as the above 
may be h11owo«1. 

Irriijfttinn are.M.—I^and for irrigation should have an ade- 
cHMte area and siiitalde soil, and should be at a suflioieiit 
distance from any inhaiuted building <« sources of water 
supply, so as n<d to create S nuisance or to ])oUute the water. 
The nature of the soil should he states] in the application. 

Where land outside tho school proiuises is required 
for taok.s, filter-beds, irrigntion, etc., its use should he m^ciired 
by a definite legal agreement, and if the works are to be carried 
out by means of a loan the land should be purchased or leased, 
the purchase or leaso to bo conditional on the Board's sanction 
being obtained to the loan. 

Sftti for tHprrcimH. —It is very important that the sani¬ 
tary arrangements of scbools should be kept in a cleanly and 
proper condition, not only for the sake of tlie health of Uic 
ohildren while at school, tuit also as an object esaon in- 

* This iiu)’ gsneraUy be aMiuned at >1 gallons per bead of the aeeoin 
modation losmled (fneiuliu-j teachers) at the a^ool if w.e a are used, or 
at 1 gallon par head whmonij' arine and «)op-w^er hava to h» dealt with. 
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cleanliaess which they may carry into practice in their own 
hotnes. But thin cleanly c ondition cannot be maintained witii* 
out BU|)ervi8iun. It may bo nocoswiy to employ an efficient 
attendant to see to the (doauly keopiog of the sanitary con- 
venictiees iw well as of the school piemises genemlly. This 
will be o^tpeeially ne<'esMary at schools where, in the abf^nce of 
^wers and wafoV service, m* thods have to be adapted whidi 
involve hand removal. Thuf', where dry elosots are adopted, 
it will be- ma-cafary (o appoint sominme to supply absorbents, 
to empty the clow'ts at frwpjent ami regular intervals—say 
every Saturday, or oftencr if iiecessary—and to remove the 
contents to a suitable place of deposit." Where a cesspool is 
used the contents will have to be pumped out from time to 
time and distribuW over land in a proper situation. Filter- 
beds and irrigation areas will also need siiporvision from timo 
to time to keep them in proper working nrdor. 

Schools and infortiout^ disease*— TJie fol¬ 
lowing iH the Memonuiduni on this subject issued 
jointly by the Local Government Board and the 
Board of Education, 1909;— 

PART l.-INTllOI)UCTORY AND GKNEUAL 

1. School hygiene has been placed upon au altered footing 
by section 13 of the Education (Administrative Provisions) Act, 
1907; and the introdnetion of the School Medical Offiser 
(S.M.O.) into the local administiative machinery of preventive 
medicine has been accompanied in the Code of Regulations 
for Public Elementary Schools (1909) bv new or roodltiedi 
jtrovisions as to medical inspection, and as to the closure of 
schools and the exclusion of individual scholars with a view to 
the prevention of the spread of dftease. 

As will be seen from a consideration of this ItUmoraudum, 
the recent changes have materially increased the possildlities of 
effective action against disease possessed hy local anthoritiM 
and their mediciu officers. 

CoDB RsuyiBXMBXTs POM Scuoot. Closcmm A.\1> pob thb 
Excli'sium of IxluyincAfc Hcmolaks 
(khw>t Chture 

2. The Code for 1909 contemplates that in oeriain partionlars 
new administrative conditions shall l»e satisfied liefore the B<Hud 
of Education will allow a claim for grant in respect of sciuioU 
whic^ owing to closm-e with a view to preventing tho spread 
of d i s ea s e, have not been open the I'equisite nuoUifr of tiiMi. 
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Thie cloiiui'e may bo compelled by the B.A. under Article 
57 of tho (lode, or may be voluntary on the paii of the l.ocal 
Kdomtion Authority. Article o7 is ii8 followH : If the 8.A. 
of the diatrict in which the school i» situated, or any two 
memberu thereof, actinjr on the advice of the M.O. H., 
require either the closure of tho nohool or any department 
thereof, or the exclusion of certain chihlron for if speciliod timo, 
with a view to prevenlitig the N|iro<id of discasi.' or any danger 
to health likely to arise from tho condition of tho school, such 
requirement must ut once be complied with. 

As regards the grant, provision is made by Article 15 (b) 
where a school is compulsorily closed or U closod under the 
advice or with the Rppn>vul of tho 8. M.O., or for any other 
unavoidable cause. It runs as follows; If the requisite 
number of meetings has not been held owing to a ciosurr) of the 
school umder Article 57, or under tlic advico or with the 
approval of tho S. M.O., or for anj- other un.avoidable cause, 
the (^unt will bd paid in full, provjilcd that thti roiiuireuieut s 
of this Ailiole are satisfied after an allowance of niue meetings 
has been made for each week of such closure. 


Kcehmio/i of Chihlreu 

If the S.A. or two members thereof, acting ou the advico of 
the require the exclusion of certain children for a 

speeiHod time in Order to prevent the spread of disease, those 
children must bo oxcludod (Article iy"). Thus the M.O.H. 
can initiate a compulsory process whether for closing the school 
or for exclu<ling scholiirs, though ho can only do so through 
ihc S.A. or two membors thereof. 

The exclusion of children is also provided for on the authori¬ 
zation of the S.M.O. by Article '>3 (A) of the Code, which is 
as follows: Where tho Boaft (of Kducation) ate satisfied (i.) 
that proper arrungomenfs have been mado by the Ixual Eldu* 
cation Authority for enabling the 8.H.O. to ascertain and 
certify cases in which the exclusion of children from school is 
d»)sirablo, and (ii.) that tho S.M.O. has authorized the exclu¬ 
sion of certain childn-u from the school (1) on tho fp'ound that 
their exclusion is desirablo to prevent the spread of disease, or 
(2) on the ground that their uncleanly or verminous condition 
is detrimental to tho other scholars, or (3) on the ground that, 
owing to their sbite of health or their physical or mental 
doff'cts, they are incapable of receiving proper bonefit from the 
instruction in the school, tho exclusion of such children shall 
be deemed for tho pui’posea of this Code to lie exclusion on 
reasonable grounds. 
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For the purposes of thin provision the Local Kdiicntiou 
Authority may <iirr(‘t that no chiMron who have l)oon oxoluded 
under the authority of the S.M.O. or under Article 57, or who 
have boon absent from school owin^^ to Hicknt'ss, Khali bu re* 
admitted to school if the B.BIE.O. is not satished that they can 
attend school without risk to thomsolvcs or others. 

Kvery dircctifcu or authority siven by the S.M^O. uiust be 
embodied in a l ertificale sijfned by him. A copy of every certi- 
licate must be furnished to the Local Kducation Authority and 
must be produced, if required, to any !>i.s|)cctor orOlKcor of the 
Itoaril’s Medical Itepartmonl.' 

The genoml effect of the changes which these Articles of 
the Code bring alxuit may bu stated as follows : -- 

(a) lluncefortii there is no aiipeiil against requirements of 
the Simitary Authority mudu in accordance with the terms 
of Article 57. 

{b) Under previous Codes the requirements of the Article 
corre8|)onding to Article 45 (/») have been satisfied when a 
si-hool has boon closed voluntarily “ under mt^dicul authority,” 
inL-ltiding the advice or approval of any medical practitioner. 
Under the present Code, where closure for medical reasons has 
been oSect^l voluntarily, the requirements of Article 45 (^) 
will not be satisfied unless the S.M.O. recogiiiaed by the Board 
of Kducation has advised or, where ho has not advised, approves 
the closure. 

(^} Id practice it is customary for the without 

resorting to the formal procedure of Article 57, to anange, as 
soon tui an infectious case is notified to him, for the temjxirary 
exclusion from school of the infected child and of any children 
who have bmui in contact with the infectious case, or of any • 
children suspecteil of being themselves infectious. If such 
exclusions are to lie deemed to be on ** reasonable grounds ” they 
must, in accordance with Article 5<f (5;, lie cndorseil at the time 
or subsequently by the S.M.O. In pn^v^ous (.kkles oxch sion 
on any medical authority has been regarded as ** r^isonable 
ground " for exclusion. I'ho new conditions indicate the desir* 
ability of a working arrangement between the M-O.H. and the 
8.M.O. , when these officers are not the same person, in order 
that the former may not need to adojit the procedure provided 
in Article 57 for the formal and compulsory exclusion of indi¬ 
vidual scholars. 

* Forthepuroosesof thcCVxle “Ucbi»')l Medical Officeruicans a inedi' 
ca) officer Dained ovtlie Local Education Authority, ami recognized as such 
by the Board of Bdacation. In ex&ptioiial cases the Board of EdncatiMi 
wilt recognize separate School Modieal Officers for separate parte oae 
area. 
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Co-ordination ov Wokk nv Mbdical Owiokr of Hbalth 
AND OF TiiK School MKi>i(-Aii Officbk and other 
School ()kfi<«us 

4. It is the desire alike of IhoLociil (iovemitiont Board aad 
of the Ihmrd of Kdneation that the relations of the local S.A. 
and of tho Vocal Kdneation Authority should In all respe cts be 
intimate aiul coidiul, in order that the udministral ivo procodures 
of 1x>th bodit:s niay bo rcciprocuUy beiieticinl. It is only by 
Nuch niutiiul co*o})eration that the best iiiten-sts of each district 
can be siKriired to the fullest extent. 

<>. It must, however, be borne in mind that theM.O.H., 
actinK under the 8. A., is responsible fur dealing with outbreaks 
of infectious dise;ise, including such outbreaks in schools; and 
the action of the S.M.O., whore ho is not also M.O.H., must 
bo consistent with this general ouneidei-ation. I'he importance 
of this consideration is indicated by tho fact that the statutory 
powon us to isolation of patients and cleansing and disinfectiim 
of houses arc possessed by S.A. alone. The new roquiremonts 
of the Code in no way diminish the rusponsibility of tlie M .0. H. 
for taking all such steps as are demanded in the public ioierosl 
to prevent the spread of infection. As a matter of administra¬ 
tive educational procedure the certilicato of the S.M.O, is 
required under Article 63 (M for cases of exclusion, and for 
voluntary closure of a school for infecUous disease under 
Article 46 (6) j but tho lUUO.H. must be in a position to act 
promptly in each instance, more particularly in regard to exdn- 
sion. Ceases may frequently occur where prompt action is 
essential, and where valuable time would be lost by reference 
• either to the 8,A., wdth a view to tin* issue of requisitions 
under Article 67, or to the 8.H.O.; and’ it is eminently desir¬ 
able that in these csises, mui| ospeviallv as eegards the exclusion 
of individual scholars, the H.O.B. sliould be in a ptwition to 
take immediate action. 

C. 'This end can best be secured, in cases whei'O die 1C.0 B. 
is not himself the S.M.O., by tho establishment of definite 
working arrangements between iheso two officers under which, 
on the one hand, lx)cal Kducation Authorities will authorize 
managers and teachers to act, as in the past, on the recom¬ 
mendations of tho and, on the other hand, the S.A. 

will arrange that the M.O.H. embodies his recommendations 
in certificates which are transmitted to tho 8.H.O. with a 
view to the formal authM’ization required by Article 63 (6) of 
the Code in cases of exclusion, aad to the approval required by 
Articto 46 (6) in cases of closure. Where suw working arrange¬ 
ments art adopted, it should seldom be necessary nne^ the new 
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conditions for the M.O.H. to Mdrise the 8.A., ortwo momben) 
thoreof, to put into force the [towers coofeired upon them by 
Artidn 67 of the Code. 

7. 'J'iie conditions under which mutual co>oponition between 
ofticeiB of the local 8. A. and of the Local Kducation Authority 
can bo ma<le mof=t effective will vaiy according to local organi¬ 
sation. When ^ autonomous areas the M.O.H. and the 
B.M.O. are the Rime odiccr, direct unity of action is at once 
obtained. In all other cases waste of effort and some duplica¬ 
tion of work can only be avoiiled by agn.‘cment botwi'vn the 
two oQicei'S and tlioir authorities on general lines of action, 
both as to the details of medi<ail administration and as to the 
regulations for teachers and other school officers mentioned in 
paragraph 9. 

In county areas, where the County M.O.H. is also the 

8.M.O., ho is in a position to organize the needed co-operation* 
Where, howei er, these ofiiiuis are held by different poisons, or 
where there is no County it is obviously desirable 

that definite arrangements should be made between the Lo(«l 
Education Authority and the Loc&l S.A. providing for the 
liarmonious co-operation of their respective officers. When 
Assistant B.M.O.aro not themselves the District M-O.H. the 
Deed for frequent interchange of information between the 
officers of the Sanitar)’ and Kducation Authorities will arise; 
and lines of action in regard to closure of schools and the ex¬ 
clusion of individual scholars will need to be settled with due 
reference to the paiiicular circumstances of the area, and to 
tho regulations adopted by the Local Education Authority for 
the organization of the 8.M.8. 

8. In order that tho requirements of Article 53 (5) of the 
Code may be mot, it is necessary that all cases of oxclusimi 
from school by tho direction ofthe M.O.H. should be promptly 
reported by that officer to the 8. tf.O. As a rule closute of the 
Bohool should only be arranged in consultation with tho 8.1C.O. 
This nUe should be followed, save in serious emergency; and 
when immediate closure is necessary in the interests of rablic 
health, the M.O.H. should at once communicate with tho 

aM.o. 

9. Efficiency in the prevention of the spread of infection 
implies active co-operation not only between the M.O.H. and 
the 8.M.O., but also between these officers and the school 
teachers, school nurses, and attenduico officers. This general 
need can be met by each Local Education Authority making 
regulations as to the duties of each of their officers to send 
ft^with to the H.OJS. and to the 8.M.O. information 
regarding any children suspected to be suffering from infections 
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illnuu, and to cixcinde such children temporarily. This point 
is'empliAsi/ed in tho fullowinff rocomniondiiUun quoted from 
(Jircular 5% istiiiod by the TWnl of Kdin-ation on lOlh of 
.\ugnHt. IDOH;— 

lie (the S.M.O.) must so oi-g<in(/.e his iivichinery that both 
he end tho S.A. shall ivceivo immodr*:tto mfoi-mation 
of any sui h ocoiurouco (of infectious discJise). whether 
the disoHHO is notifiable or not, by duplicate notic«« or 
otherwise, so that the matter may be dealt with 
olfootivel}' and without confusion at tho earliest 
possible liiomont. Definite regulations should bo 
made for this purposu. 

It is oxpeuled tlial such lobulations defining the clrcum- 
stamro:\,in which toachorsand other school officorsshould notify 
susjiected iHsos of infectious disoaso to tho M.O.H. and to the 
8.M.O. will made generally by Ducal Kducation Authorities. 

PAUT ir.-PlUXtaPLKS OP ACTION 

ISKOKMATIOX AS TO NoTiriAUI.E DiSKASKS 

10. Success in the control of infection depends on the com- 

S lcteness and promptitude with which each case of infections 
isuase is roromiz«‘a, and the completepess and promptitude of 
the action taken on this information. In this and the follow* 
iug eight paragraphs the moans of obtaining such coinploto and 
prompt information are considered. All known atses of tho 
• disuases coining within the scope of *he lufecliuus Disease 
(Notification) Acts or of Section .V) of tho Public Health 
(liondon) Act arc* notified to the M.O^p. ^loasles, scarlet 
fever, and diphtheria arc Ake most common disoa8..'8 aiTecting 
school children which are thus notifiable. Whooping-cough, 
which is prevalent amou^ school children, does not in the 
majority of aanitary districts come within the sco^ of the 
Notification Acts, though it can be added by resolution of 
the S.A. subject to the approval of the L.G-.B. 

11. In the lidministrativo control of such notifiable diseases, 
therefore, action must start with the B1.0.H. In a well- 
organisea and otliciently worked sanitary district oach notifi¬ 
cation by a moJioal practitioner of a I'oso of one of the noti* 
liable diseases idtould form tho starting-point for a prompt and 
full investigation of tho posaibilitiM o1 Infection. As stated in 
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Article 18 (2) of tho Loeul (:k>v(3rnniont Hoard’s Kegtil^tions us 
to it is the duty of the M.O.H. “ to iim»ire into nnd 

iisccrUiin hy such moans us arc at his disposal the causes, origin, 
and distribution of disoas(M within his district": urd with this 
object in view he will regard each case of notified disease as 
possibly ccuineetod with other cusos of tlio same diseiiso, which, 
owin^ to their inifdnos. or the absence of some of eharuc- 
leristie symptoms, havo lu on oM:rlooketl by the imrent, or tho 
teacher, or both. Tlie investigation tif such missod cases is 
indispensable to effective administration. A portion of this 
investigation may need to be undertaken at the patient’s home; 
it is incomplete unless an equally thorough inquiry has lieen 
made into the condition of tho children who have boon in con- 
t (Ct at school with the scholar who has fallen ill. 'I'hiB inquiry 
should be shared by the M.O.H. and the S.M.O., if these 
offices are not held by the same official. It should include the 
recent history and present condition of children who have 
I'eccntly returned to school after an interval of absence, and bo 
followed by careful watching of tho cbildi-en who havo boon in 
contact with the infectious case. 


Imfructionn to Ttne/urn nnd Pnrents 
12. It is in connoirion with these Investigations that tho 
(ai'imcration of teachers and parents is nouled, as well as of the 
8.M.O. whenever tho latter can help in this work. Infection 
is often sproail in school by the attendance of children suffering 
from initial and unrccogni/od symptoms, or attending schom 
in the convalescent stage, or throughout the course of a mild 
attack of an infectious disease. To roiuiiui/o tho danger, tho 
teacher should bo instructed in tlio symptoms of onset of the 
chief infectious disinses, and the symptoms which may ho 
manifested by children who bare re^ntly passe 1 through the 
acute stages of these diseases. Clear diroctions should bo given 
by Local Education Authorities instructing hachers tempo* 
rarily to exclude children showing any symptom suggestive of 
any of those diseases, until medied assurance can bo had that 
they may attend school without harm Ut themselves or danger 
to other scholars. Instructions of this kind will natunlly find 
H place in the arrangements required by Article 53 (b) of the 
t.'uae for enabling the S.M.O. to ascertain and certify cases to 
which exclusion is desirable. During the prevalence of any 
particular infcctioas disease the ationtioii of the teacher may 
be drawn, by circular letter or otherwise, to the most obvious 
symphmis indicating the possibility that a scholar is sickening 
for, or is suffering or recovering from, this disease. 
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JntimatioHg by Hekwl Ojkef$ to Medical Officer of Health and 
School Medical Officer 

13. IFnder rogulatioos fiamiMl as saggusted in {umnuph 9, 
or apart from such rcgiilatiuns, the 8<;booI teacher and school 
attendance oflicer should iitform both the M.O.H. and the 
8.M.O. of tiny chiidi<m who have recently (teen kept at home 
with illnds of a stwpii ious ehumetor, or concerning whom cir- 
cnnistances suggt^st the possibility of infection. 'I'his informa 
tion probably will have conic to the toachor ami to the attend* 
nnee oHioers from dircut communication with parents. In some 
Instances the attendance oOicera and in others the teachers may 
obtain the uurliest information; and the system of intimations 
to the medical officers should bo so arranged ns to secure the 
simultaneous conveyance to the M.O.H. and to the B.H.O. 
of such information. No harm can come fn>m duplication of 
such notifications, and the Local Education Authority can by 
careful organisation devise arrangements which shall be prompt 
and eilecti’re and at tho same time easy in appliciition, 

14. Opportunity should bo taken byciro\dar letters or other* 
wise to iiD|ne88 upon parents their responsibility in preventing 
the spread of infection in schools, especially when any specim 
disease threatens to become provalcnt. The particular atten* 
tion of {larents should bo ilrawn to the fact that a ** bad cold ” 
or an "ulcerated throat” or a “spring lash” may, in fact, 
indicate a mild attack of diphtheria or scarlet fever, and that to 
send childr^ to scluKil either so suffering or when convalescing 
from such conditions, without having first obtained a modi<^ 
opinion, nuiy involve serious consequences io other children. 

Ooeaeional Diaynosin by Medical Officer of Health 

16. 'Die difficulty occasionally nrism that the parents of a 
child a*ho is saspccte<l to W suffering from a mild attack of an 
infoctious diKase cannot afford to send, or will not send, for a 
doctor, altbo^h they have kept the child away from sdiMl for 
a few days. Exclusion from school must be c<mtanued in these, 
as in all cases of suspicion, until doubt as to the nature of the 
case has been i-emorod; and meanwhile the parent must be 
prossod to utilise the private or public agencies avaibtble tot 
medical dii^osis according to circumstances. In such cases, 
if delay ana consequent danger of spread of infection are to bo 
avoided, the M.O.H. or the 8.M.O., or some other medical 
man temporarily or permanently acting for the &A., should 
mako or aid in making a diagnosis. This corresponds to the 
general practice in investigating outbreaks of smallpox; and 
its more fluent adoptibn for other infectious diseases would 
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unable local autlioritius (o make better \m of their ieolation 
hospiUle and other official machinery fur preventing the spread 
(»f disease. 

fnliiMliom hy MfiUcnl Offinr of Mr^tlth to tkhool Medical (tffieer 
ond }had Teacher 

1(>. The information an to notifiable infcctioiia ciAes among 
school children obtained by th<.‘ M.O.H. should bt^ promptly 
transmitted (<> the 8.M.O. nnd to the licad Teacher of the 
school concerned in order that the necessary iiiHtniciions ai to 
exclusion from school, «-tc., may be given. In tho Metropolis, 
tinder Section o5 (4) of the Vublic ilealth (Loudon) Act, 18&1, 
it is compulsory on tho M.O.H. to send a copy of each notlfi- 
<^tion certificate within twelve hours aftt'r its receipt to tho 
Head Teacher of tho school attended by the patient (if a child), 
or by any child who is an inmate of the same hoiiso as the 
patient. In suiitar)' dUlricts outside the Metropolis similar 
intimations should be sent promptly both to the 8.M.O. luid 
to the Head Teacher. The notice thus sent to the teacher may 
also usefully comprise general information on the symptoms of 
infectious diseases. 

iNrOit.VlATIOX AS TO TUB NuN-NOTiriABLIt DlSKA.SBS 

17. Whooping-cough, mumps, cbickenpox, and infectious 
diseises other tlian mo'islos, scarlet fever, and diphtbeiia which 
prevail among school children, are seldom added by 8. A.s to 
the schedule of compulsorily notifiable diseases. Even in 
districts in which atiy of the.sc diseases are notifiable, the 
parents commonly either do not consult a doctor, or they call 
him in after set'ondary infection of othtrr children has already * 
occurred. Hence the M.O.H. is dependent for information 
on the S.M.O. and on parents, ^teachers, and attradance 
officers; and if the rapid spread of these diseases in school 
and the need for cxchvuon from sChool on a hit^ scale or for 
school closure are to h(> avoided, school officers and parents 
should furnish this information to the M.O.H. Pro^t and 
complete notification to tho H.O.H. and to the 8.l£0. of 
such ** minor cmies of infectioiie disease is difficult to ensure; 
hut the appropriate action of l<ocal Education Authorities on 
the rooommmidation contained in paragraph 7 (c) of the^ 

of Dduoation Circular 699, dated 17th Auguet. 190S, will, it is 
hoped, go fur towards securing this end. {See paragraph 9, ante,) 

fytiifutluns 04 to Caen of Doubtful ykture 

18. Apart from systematic and prompt intimation to tho 
medical offioers by teariiers and attendance officers of all rases 
of the non-norifiable infectious diseases Moertained hy them. 
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further intimatioKH should bo sent by tliem of ^he absence fi’om 
school of any child on the suspicion that It Is suffering from 
an ipfoctious disease: and absence of sovoml chibiron of one 
family from school at the same time, no nuitter what name lie 
given lo the complaint that keeps them at home, should also bo 
reported.^ In practice it has boon found tha* such intinwtion of 
absentees has inatcriHlly aided the M.O.S. in (aking measures 
for the suppression of infections diseiise. 

15). The medical in8|K!Ction8 carried out under the balnea¬ 
tion (Adnunisfrativ*! Provisions) Act of 1907 will in due course 
enable the moilical history of cai-h scholar in respect of infec¬ 
tious (lUoases (o bo recorded; and the knowledge thus Mcciin^d 
will in the future Im^ valuable in determining whether in par¬ 
ticular jywHs children need to bo excluded from school or classes 
need to bo closed when an outbreak of irifeclious disease occurs. 
It is anlicipjityd tint tliis inb)rmation will be valuable, esja^ci- 
ally in dealing with outbreaks of mivisles. 

It is possible that, in the tight of these records an«l of furtimr 
work under the new statiitory and administnitivo conditions, 
sonio modifioation «if tho rules for oxclusitin and closure given 
in paragraphs Ji7 to of may be indicated. 

(trnkkal l'oNstin:KArn».V8 as to thk Aitio.s to ub taken in 

RKSI'BtT or lNKK<-TIOt S 1 tlSKASKS Oei l’RHINO AMONO SCHOOl 

Childubn 

20. 'fhorc is little doubt that infection in schools is spread 
to a much greater pxt**nt by infectious p<irsonB than by infected 
things: and that by systematically obtaining the information 
ns to tho infectious cases iodieated in paragraphs lU to 19, and 
by adopting tho mcasiuos of exclusion of patients and of recent 
“ contacts ” with them which are describ^l in paragrajiha 07 to 
Ad, the common sources infection can be controlled. 

21. Subject to this chief consideration, certain other adminis¬ 
trative lines of action may be here indicated. Disinfection of 
s{>ecial class-rooms or of particular lirtielo.s shunld be under¬ 
taken when there is reason to b(dii>ve that those have been 
infected. A special caution may be given as to the risk arising 
from moistening slatea with saliva, or from tho use in common 
of Mnholders and pencils which are apt to be put in tiie mouth: 
and steps should be taken to avoid thi.s. 

22. The frequent and thorough washing of class-rooms and 
cloak-rooms is an efficient means of removing both dust and 
infection. Dry sweeping, on tho other hand, tends to scatter 
dust. 

23. Uuch can be hone to prevent the spread of infection by 
due attention to the sanitation and ventilatlun of aohonlmoma 



Til] EXCLUSION OF CHIJJ)RBN 23!) 

and elonki'ooms; and, so far iia praoticablo, by pi'eventing 
children havinjf to sit in school in wet ulotbeHor with w»‘t foot. 
t)verc*rowdiii{|: j?n*atly fa'amrs tho sjiroad of iufeetion, wliiK- 
adc<|itato moans <»f venlilalion kept in constant effective use 
diminish it. The wnlev Kiippty of tho school should be pure; 
.and Javuteriea a»-l closets should be kept in a satiafaetory state. 

i. Kxchmon of IndirUhial Children 

2'i. It limy bo laid ilowii as a ^;eneral principle that all 
ehlldreii sutferinjc from any dangerous infectioufl diseawo (i.e 
of a nature dangerous to some of the pemma attacked by it. 
however mild in otla r caseto slioiibi )«‘ excluded from nclmol 
until there is reitsun to believe iliat tlu'y have ceusod to be in 
an infectious condition (m- .sisclion 126 of the Public llwiUh 
Act, 187o. also section o7 of the Public Health Acts Amend¬ 
ment Acts. 1907; th*! latter section may he put in force in 
any distrivt by order of the L.O.B.). 

Fiirthermoro. as it is seldom possib’c to provide otfrctnal 
separation of tho sick from the healthy within the homes of 
children attending public *-lcMtieiitiiry svliools, it I'.s often neces¬ 
sary that all children of an iiifecbd household should bi' 
excluded from school; first, because otherwise such children, 
if unproterted by a previous attat'k, might attend school while 
suffering fnim the diswase in a latent form or at an unrecog- 
nined stage; and M*condly. iMi-ause it is known that infection 
of certain diseases may nttueh itself to, and be conveyed by, 
the thi-ont secretions or the elnfhcs of a jierson living in an 
infecti'd dwelling, eren though the person himself remain an-, 
affected. The same c-insideiations will sumetimes make it 
do-simble to prohibit tho atb ndani'e at school of i'hiidren who 
are known to har'e been in contacf wilh a sonree of infection; 
of children of outain ages orclasse.;; or of childn'n from a 
. particnlar street or hamlet. 

2*>. Tho mode of procedure as regards recogni/tsl disease 
will dejiend on the natural history of the disc uu* concerned. 
Patients themselves must not >>e allowed to attend school (a) 
until free from infection, and 'b) until such diiinfoction of 
tho house and of the patient's apimrel as may be necessary 
has been secured. It is i-upossible to state exactly when 
personal infection ceirses, and the M.O.H. must not assume 
that at the end of the ordinary period of i.solation dauger to 
others has, without doubt, entirely ceased. Jt has ceased in 
the majority of instances; but in a minority of cases—for 
instance of scarlet fever and of diphtheria, wh^her treitted 
at home or in an isolation hospital -the child remains infectious 
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for a much moro protracted i)erio(l; and in practical udmiaU- 
tuition this iMsfibility must bo borne in mind and allowud for. 

2(>. The action with regard to healUty children in iho 
aanio houaohold as the patient will vary in differont instances. 
The usual priKHtduro is to allow their roturn to school at an 
interval aftor the romoi*al or cornpiclu rocuv^'y of the i>ationt 
and disinfdbtion of the houses a little longer than the maximum 
known period of inenhation of the disease in (juustion. In 
view of th(j oc«;urrence of slight ovcrlookod ca.sos and of 
“carrier” caaos of infection, it is often advisable to prolong 
to a Certain extent, us indicated horoafter, this period of 
exclusion from school. 

27. Excliision from school of the children of infected 
households most (»ften fails as a niivuisof preventing spread 
of infection because there are undiscovered or unrecognized 
cases or carriers of infeclioii; and its failure points to the 
continued uttundanc.e at school of children having recently 
hod attacks of the prevalent diseuso in a mild or unreoogniited 
form, or who without tliem8<<lvu.s being ill are carriers of in¬ 
fection. Such unrecognized cases arc hi be sought especially 
among (a) children attending school from the same .street or 
vicinity as tho recognized patients; (h) children in the same 
class: and espcidally (/■) children who, on reference to the 
school register, are found to have retunnxl to sdiool after a 
short absence. 

iUthoughHhe provision will proGably be moi'c useful in 
private schools, attention may be dniwn to section 58 of the 
rublie Health Acts .Amendment Act, 1007, which, in districts 
, in which it has been put in force, enables lists of scholars, in 
a school in which any sc-holar is suffering from an infectious 
disease, to be obtained. 

e ' 

ii. School Cloture 

28. School closure is occasionally necHwsary on account of. 
infectious sickness in the teacher's family involving risk to 
the scholars. It is also occasionally necessary to close a 
school or division for one or two days in order that it may 
bo disinfected and cleansed after children suffering from in- 
fectious disease have been in attendance, or to allow of the 
rectification of sanitary defects of a nature likely to contribute 
to outbreaks of disease. 

29. But, in the absence of such special and exceptional 
reasoos for closure, it should not often be neoessary to close 
the school in the mteresto of public health, if the power to 
exclude individual c^ild^ be used to the best advantage, 
it ii only whw this less comprehenstvj» but more aianrimi- 
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natiog Hiid often BuBlcient action has failod or, oaring to 
imperfect co«Q|)ur(tioii liotwccn the public health and the 
ftchool authorities, cuntiot bo applied to the iiei^OHHary extent, 
that the c{U4 Ktion of advising the 8. A. to require the cluauro 
of the school in the interests of public health can arise. 

30. It must k remembered that tho clusuh; of tho school 
will deprive the M.O.H. and tho B.M O. of infottaation re* 
speetmg attacks in their early stage ur illness of doubtful 
natiiro which would otherwiso bu obtainable, and in any 
eircumstiince will interfori! seriously with the education of 
tho scholars. Closure, therefore, should be advised by tho 
M.O.H. only in oircum.stanccs involving iinininent risk of an 
upidumic, and nut then as a matter of routine nor unless there 
be a elear pros]>ect of preventing the spread of infection such 
us cannot bo expected from loss comprehensive action. 

;U. 8chool closure is more likely to aid in preventing the 
spread of diseaso in seattored rural districts than in towns, 
owing to the fewer opportunities winch exist in tho former fur 
intercourse between the children of different households else¬ 
where than at school. 

It has also to be Wne in mind th.'it in such scattered rural 
districts means of isolation and of tracing doubtful cases art* 
leas effective. Hence school closure is likely to continue to be 
needed somewhat more frecpienlly in such dislricts than in 
towns. 

32. In places where there are several public elementary 
schools, if an outbreak of infeetiouK disease be confined to the 
scholars of one particular school, it may be sufficient to close 
that school only, and even wlujrc school closure is deemed ^ 
necessary In the case of a particular school it need nut always 
extend to the whole school or department, but may on suitable 
occasions be limited to jmrticular ckissos or departments.* 

33. On the other hand, where different schools have all 
appeared to aid in the spread of disease, though perhaps to an 
uneaual extent, it may bo considered advisable that all should 
be closed, lest children in an infectious state, who previously 
attended tho schools that are closed, should be sent to others 
that might remain open. There U, however, less likelihood 
than heretofore that such attendance will be pennitted, and a 
geueral closure on this ground will seldom be needed. 

34. Playgrounds should not remain open when schools are 

* It is to be understood that tlie exchisimi of ail tlio cltildren in a par* 
ticalar class in a department or school, leavina Uie other ehiidren in the 
dt’partDioDt or school free to attrnd school, Is not for tiie puriKues of 
Amole 46 (6) ot tho Code "closure " of the department or school, and that 
(lie provisions of that Article do not apply in such cases, 

Q 
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closedt tus they provide a meeting-place for the children whom 
it is the object of the closure to keep apart. 

36. It may bo laid down as a general principle that closure 
of a S4;hool or of a particular class is justidod when the general 
evidence points to this school or class as tlie source of inifection, 
and when cases of an infectious disease continue to occur in 
this class or school after every effort to discover the infecting 
oases has been made. The degree of application of this prin¬ 
ciple to special cases ia discusKod later. 

36. But while the in deciding whether to advise 

the 8. A. to require the closure of a public elementary school,* 
will be guided mainly by the consideration how l)e8t to check 
the spread of disease, other considerations may require also to 
be taicpn into account by the S.H.O. in deciding whether to 
advise or to approve action taken voluntarily under Article 
46 (6) of the (Jodo, 

School attendance may he greatly lowered duxing the pre¬ 
valence of an infectious disease, especially of measles and 
whooping-cough, and s hool closure may then ho desired to 
avoid a considoniblo reduction in the avon^o attendance. In 
such circumstances a largo proportion of susceptible children 
have generally already contracti^- the disease or been exposed 
to iofestion. and the closure of the school commonly does little 
to pre^vent further spread of the disease. Closure oy the S.A. 
under' Article 57 of the Code is contemplated solely in the 
interei^s of public health, and apart from this consideration the 
K.O.H. is not iustifled in advising closure to prevent financial 
loss to the liOMi Education Authority. 

« The question of closure, when that step is not clearly 
necessary to prevent the spr^d of disease, should therefore be 
left to the voluntary action of the Local*Education Authority, 

* Sanitary Authorities have no general power in respect of Sunday 
•ohoolH, or other private sehoeU. except in so fhr as these may eontravene 
section SI (5). seiitton 1S6, or other provision of the Public Health Act, 
1S7A. tmttt will often bo cxtwdient to invite the co-operation of managers 
of snob schools tn elforts fur seenriug the public health. Experience 
shows that they we usually ready to defer to tlie representations of the 
authority respuMible ft>r the pobitc health of the dUtrict 

If, however, the IXI.B.* on the applioattMi of the l/ioal Authority, 
have declared sections A7 and AS of the Public Health Acts Arnendneut 
Act,, 1907, to be in force in ths di'tricl the II.O.H. will have power to 
reqatra a child who in or Imw been saiferii^ from infectious dlsea^ or 
has been exposed to infection, to be oxclmloif from school until the MLO. 
has eertided that the child may attend school without undue rink of 
oottmnuicatlng such diseane to others (section AT). The power gtveu to 
the S.A by sectioD K to obWn a complete lint of the names and addresses 
of day seh^rt la schools in which any scholar is ■uflsring from bilhotloaa 
dlsssM may be naefhl to tbs ll^O.K. m his investigation ot the csosea of 
outbrsshs fr be flhds it necessary to axisiid bta^inqulry to privsts schooli. 
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ailvued by tho S.M.O* if he ia not hunsclf M.O.H. That 
officer, however, before advising or approving cl<Mure, Rhould 
confer with the M.O.H. on the public h(«lth aapevts of the 
proposed closure. 

PART in.-KtfLKS FOR ACTION IN RESi’ECT OF 
PARTICULAR DISFASES AND RULES OF 
OFFICIAL PROCEDURE 

37- The diseases for the prevention of which the oxcluaioD 
of particular children from school or school closure may be re< 
quired are prtncipHlIr thos(.> which spread by infection directly 
from person to person, such as niuasles, whooping'cough, scat' 
let fevor, diphtheria, epidemic influenza, smallpox, and rdtiieln 
((barman measles). In inre cases the stmie meusur(» mav be 
nocft-<sary for enteric fever and diorrhtml diseases, when these 
spread through the agency of local conditions, such as infected 
e^ool privies, 

33. In the light of the general principliM already set out 
the following procedure apjm'nrs to bo indicatf'd in order to 
eimble the MO.H, or the S.M.O. to advise as to the mini¬ 
mum duration of exclusion of school children which can with 
reasonable safety be adopted in the several moro common 
infootious distvMes.* It should bo noted that although certain 
reivmmendationsan; made as to duration of exclusion of patients 
and of '‘contacts" with them, those recommendations are sub¬ 
ject to the proviso that each ea»e aa it escars requirra and ahould 
I'eeeive individual eomideration. 


S^rarlet Fever 

A. Rulbk for Kxci.usI{>* or tN»ivtDvai.s 

[1) Aa reqanla each child attacked by the diacw 
39. (ff) When treated in the Uetation httapiiat be ii usually 
detained for about six weeks, and longer if any 
mucous discharges continue. After I'etum home, 
in view of the oc4uuional nrotractod iafeirionti- 
ness of patients with such aitchargss, and some¬ 
times even of those without them, a notice should 
U sent to the teacher, and a noUoe should also 

* In Udi conaexioD the provisions of Artists o( the Cods for 

iS09 (quoted 00 u. 2S0) nnist not be oreriooked, and It most bs msHm* 
boMd thin, tf the Kdocation Autbrnttf so direi^ the iLlMk 
have Ml po|s«r to ^hme the period kt which sny ebUdna neve Mil) 
sxdhded mini seboel owing to skkascs. 
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be given to the parent to the effect that the 
patient should not attend school for two weeks.* 
{ft) fVhtn tht patient han hern treated nt home the 8am«‘ 
rules apply exactly, assuming tbit the patient 
and his rooms have boon effectively disinfected 
afU;i‘the illness has ended. ^ 

(2) An retjardx rhildrrn liviwj in infected hornet 

^0. (rt) When the pntient hns hern remored to tite ieolation 
hftnpUal the teacher and the parents should be 
instructi^d to keep all children living in the same 
house away from school for two complete weeks 
from the day on which disinfection, subsequent 
to the removal of the patient, has taken place; 
and the parents of all the children in the house, 
OH|)ecialiy the parents of the patient, should bo 
instructed to keep these children out of contact 
with other children for the same period. 

This interval, although longer than the longt'st recognized 
incubation period for scarlet fever, is desirable in the case of 
children because of the occasional occurrence of anomalous or 
slight imrocognizial attacks. 

(4) When the pniient ix treated at home no Other children 
from the same house should attend school while 
-the patient is infectious, nor for two weeks after 
the r>nd of his period «f isolation. 

11. Rclks pok Ci.osi'UE op School 

41. If there is active co-operation botw-oen the school at¬ 
tendance officers and teachers uud the school closure 

should only exceptionally lu) needed for scarlet fever. In 
school this disease usually spi'oads slowly from child to child, 
and not in the expIosi^’e manner characteristic of measles. 
Henoo diligent search for slight cases and sunervision of ** con¬ 
tacts” should in most instances render school closure needless. 

DipliIbcrlH 

A. Auvantaoh op Bactskiolooioal Examixation' 

42. The examinaltou of the throats of ” contacts,” when¬ 
ever prooticable, by bacteriological means, is a most important 
aid to precautionary measuroH against the spread of diphtheria. 

* A i<nig«r iieilod, fwir weeks, iimy not infrequently be necessary, 
not only in view of the nealth of the patient, but also if the oceuireoce of 
mneous dischargee or other circntnstaiices indicate that soote measure of 
Inftctiootnees may persist after cessation of home or hoepitat laolatlon. 
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If a poeitivu result is ohlainoil in tiie oaso of children showing 
no oridonce of diphtheria, the presence of sumo measure of in¬ 
fection must he assumed, though it will not be advisable to 
insist on the removal of such patients to an isolation hospital. 

It is recognized that in many sanitary districts arrange¬ 
ments do not ex^ist f(»r such examinations; but it has been 
thought belter to set forth the line of action common dy adopted 
in the best-organized sanitary districts. Clinical examination 
of contacts and other children often throws valuable light on 
the origin of outbreaks of diphtheria. Particular attention 
should be paid to childn-n who have been absent without 
known cause, or who show evidence of ]):illi>r, enlarged glands, 
or Sort) noses. 

H. liuLKs i-<«n Kx<'j.rsi()\ or IxnivinL-ALH 

(1) .t* rrijunh vuch chilff uttufM by the ilitftiKf 

4:i. In) W7/c« trented ui the UuUidoH hoepitiil tlie ^>atient 
should, when pmcticubic, be detained until three 
Bucce8.Hive swabs taken on diffenmt days have 
given consistent negative results. These swabs 
.'<bouId not be taken until at b^astforty-eight hours 
have elapsc'd since the last application of any 
disinfectant to the thread. 

I n view of the debility left by an attack of 
diphtheria, and the iKissihle return of infoctivlty 
in the secretions of the nost: or throat, a notice 
should be sent to the teuchcu' stating that the 
child should not r(;turn to school for mur weeks 
after return home. * 

(J) tt'hen the patient hax been treated at ftMite three suc¬ 
cessive negative .nwabs should, when practicable, 
I>e obtain^ as abovlf; and after disinfection of 
the patient and his nxims and belongings, the 
tsame period of sub-seqiicnt abstention from school 
Mtendanco as above should be enjoined. 

(2) Ai regards children living in infected houses 

44. [a) fFhen the palu-nt has been renxwed to the isolation 
hospital the teacher and the parent should be 
instructed to keep all children living in tho same 
house away from school during the next two 
<\)mploie weeks, or even longer, unless these 
children have undergone bacteriological exam¬ 
ination with negative result. 

" Somelimes this period tuty be reduced to two weeks. 
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Thifl interval is desirable owing to the lro> 
quent occurrence of slight cases of diphtheria 
and “carrier” cases. 

(^} IFfteit fhe padefit m treafed at home no other child 
from the same house should attend school while 
the patient is infe<‘tiouB, nor for four weeks 
, afterwards.* • 

C. Kulks roil Hciiool Clohuub 

45. Although diphtheria, like scarlet fever, and unlike 
measles; usually spreads coniMrutivoIv slowly in schools, it is 
apt to ^ very ^rsistont, and not infreqiioutly causes serioiu 
mortality, especially among children under 5 years old. For 
these reasons, when cases of this disoa-se occur in an infant 
school, there should be no hesitation in excluding children 
from aftendaneo who are hclow the ago of compulsory school 
attendance, l^his latter remark applies also for measles and 
wh^ing-cough. 

Closure of other chisseB of the school should be resorted to 
only after clinical examination and, where practicable, bac* 
teriological iovostigation for the detection of diphtheria bacilli 
in the pharyngeal or nasal mucus of children who have had 
slight sore throats, and of all other children who have be«Hi in 
contact with diphtheria patients, has been made. 

The need of protracted exclusion from school of recent diph¬ 
theria patients has already been omphAsixod. The systematic 
use of these measures should obviate the need for school 
closure for diphtheria. 

Other Notifiable DisenseM 

46. Children coming from houses in which have occurred 
cases of erysipelas or of enleric (typhoiif) fever, who are not 
themselves ill, need not Is a rule oe excluded from school. 
Nor is s^ool closure required for either of these diseases, ex¬ 
cept in the rare instances in which enteric fever is due to some 
condition dirootly connected with the school 

illoiisles 

A. OllAKACTBKtSTICS OF TKX DISEASE 

. 47. Certain facts need to be borne in mind in adopting pre¬ 
ventive measures against measles. In towns the attaok-rate is 
highMt in the thim, fourth, and fifth years of life, while the 
death-rate caused by the disease is highest in the second year 
of life. After the age of 5 the death-rate caused by it is rela- 
•SouMtiaws thiwpsried may bs rsdoosd to two wmIu. 
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tirely very small. These iacts clearly indicate the hnportaiM^ 
of postponing an attack of measles, and of adopting speoiif' 
measures to ensure increased safety for children under 5. 

Fersoos seldom contract measles a second time, and, as in 
popolooa districts epidemics commonly recur every two or 
three years, most of tbo older children are protected against it 
by having passed through a previous attack. This rule my 
not apply to a country village, in which opidMifics may be 
absent for a long seri^ of years. 

Tbo early infoctiousness of measles while the symptoms are 
only those of a common ** cold is another marked foature of 
this disease. It is not unlikely that a majority of the total 
cases are infected by patients in this early stage. The incuba¬ 
tion period from infection to the commencement of catarrhal 
symptoms is tivelve to fourteen days, with fair constancy. 

Although measles is very infectious its infection does cot 
appear to bi' long-lived, nor to be commonly conveyed by 
heathy [)ersons. It thu.s differs from smallpox, scarlet fever, 
and diphtheria. 

But though then: is reasonable ground for the opinion that 
measles is not readily, if at all, conveyed to school by healthy 
children coming from infected households, it is desirable, par¬ 
ticularly in view of tho greater fatality of attacks of measles in 
children under 7 years of age, to assume the possibility of 
such spread by intermediaries in regard to scholars attending 
the infant school, and to act accordingly as stated below. 

B. Jll'LBS KOU THE ExcI.CSlON OV InPIVIOVALS 
( 1 ) Ag regardg children Buffering from the dieeaee 

48. Children attacked by moaslcs should be kept from 
school for four weeks. 

(2) A» reyarde othtr children lirtng in infected houeet 

49. In large towns, and in the smaller districts in which 
the majority of children over 7 years of age who ars 
attending public elementary schools have had measles, the 
practice is frequentlv adopted, when measles breaks out in a 
household, of excluding from school attendance only thoM 
children of the same household who attend the infant sohod, 
and those older children of the same hotuehold who have not 
had measles. Those particular children of the same household 
should be exoludod from school until twentv-one days from 
the date of onset of the illness of the last patien with mm^et 
in the house. 

50. above prooeduro can be Tecommended aa iht 
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result of ox^rienco in large diatncts. It is a compromise 
which is obviously not a counsel of perfection, and may need 
future modihcatioii. Kven under present eonditions the pro- 
ceduru may need to bo muditied in aceonlance with the special 
circunistancos of a parti<-ular district, wiih especial reference 
to its |iaet history ns to mensles. The schedules for the 
luodioil inspection of school children, if kept Carefully, will, in 
eourso of time, place at the disposal of the M.O.H. and of the 
8.M.O. the history of each child as to measles ns wtsll as to 
other infectious diseases, and they will thus Ixi able to decide, 
when a case of measles occurs in a particular class, which 
scholars in that class should, and which should not, bo ex« 
eludtal from Httendancu at scdiool. 

C. ItuLKs roll S( Hoor, 

ol. f^jhool closure has prolmbly more freipumtly tsikon 
place on account of epidemics of measles than for any other 
disease, but as the closure has been commonly deferred until a 
large proportion of the children wcio aln^ady aljsent, it has 
proved useless, in populous districts at least, for the purpose of 
preventing the spread of tho disoaso. 

If measles is introduced into a school, the drst crop of 
secondary casi's will occur about twch-e days after the original 
cuBe, and in twedvo days more theio will bi^ a second crop com¬ 
prising the majority of the unprotected t^hildren. Thus school 
closure, as ordinhrily practised after the second crop of cases has 
occurred, fails to prevent an epidemic. In view of this experi¬ 
ence a claas closure <>f short duration after tho occurrence of the 
first case of nu-asles in the class may Ik; substituted, the claM 
*boiug closed on thu ninth day aftiT the sickening of the first 
child, for a period of five days only. After this period, only 
those who have sii^kenod excludeil, along with those 

in the same households who have not had measles or wlio 
attend the infant school. 

D. Warninos to Parbsts 

52. Waniiog notices to parents have been found to be 
valuable in preventing tho spraad of measles through the 
atten^nce at school of infeding children. These warnings 
should be sent out as soon as measles has appeared in a class, 
the parents being, warned to watch their childion and to keep 
them from school if the slightest symptoms of a “cold” 
develop during the following three weeks. 

llro warning notice should also suggest that the parent 
should at once inform ihe teacher if those symptoms develop. 
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I'ho teat^hur <«n then report the case to the M.O.H, and tho 
S.M.O. 

Wlioopiiig-4*oiigli 

The ruins as to oxflusion from or cIokuto of school for 
this diaoitse should bo tdmilar to thoao for moasles, except that 
(ho iiifci-tiot) ofav.hooping'coiif'h probably lasts S'X weeks, 
and th(^ children in thn hoiiGC who attend the infant school 
should therefore ho excluded from school for this period, or 
as long as the cough continueH. 

ItliiiiipM iiiid ChirliciipoY 

■'•■I. Three werhs’ isolation should be allowed for (■as«« of 
mumps, and the sainr p<‘riod, or until all scabs have dis* 
uppoitred, for case's of chickenpux. Inquiry' should bo made 
as to the vaccination of supposed cases of olnckenpox. 

Jn chicki'iipox it is well to oxcludo from attcmdsince at the 
infant school all children of the same family as the {mtient. 
Id mumps tin; same practice, owing to tho long incubation 
period of this disease, involves much greater interference with 
school work: and, in view of this fact and of tho absence of 
danger to life, the exclusion may be cunhn(4 to the patient 
himself. 

Piilnioiiai'y Tuberi*iilo«l» 

00 . Pulmonary tuberculosis in a recognizable form is seldom 
a large factor in school life. Where it is known to exist, 
either through the; medical inspection of children or apart from 
this, the affected scholar should he excluded from school in his 
own interest, and in that of the school, if the patient has 
cough with or vithout oxpecbjration. {See p. 256, footnote.) 

Uenekal Notes as to Pkocedi rk 

56. in any case in wliich the ^A. require the closure of 
a public elementary school tho notice should l>e addressed in 
writing to the correspondent of the managers, and should sUte 
the grounds on which tho closure is deemi^ necessity. It 
should be signed either by an authorizeil officer of tho 8.A. in 
pursuance of their resolution, or by two mombers of tho 8. A. 
A copv of the notice should be sent to the S.3C.0. 

All such notices must specify a deHnite time during which 
the school is to remain closra; this should be as short a p^od 
as can be regarded as sufficing on public health grounds, since 
a second notice may lie givenoefore the expiration of the fint, 
if it shoulifbe found necessary to postpone the reopenkig of a 
school. 

57. Iteports of to 8.A., advising the dosure of a 
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Roliool or Khoois in any district, are to be treated as ** special *’ 
reports within the meaning of the General Order of. the 
of March 23rd, 1391, and copies of them arc re¬ 
quired by Article 18 (16) and (16) of that Order to be sent 
to that Board and to the County Council These reports 
should state the grounds upon which the lilLO.H, advocates 
the cl(Mur^ of the school or schools in profUcnce to the ex¬ 
clusion of particular scholars. 

68. Any directions or authorizations given by the S.M.O. 
with respect to the question of excluding individual scholars 
on the ground thiit their exclusion is desirable to prevent the 
spread of disease must bo embodied in a certificate signed by 
him : and a copy of every certificate must bo furnished to the 
Local Education Authority (Arti<de 63 (6) of the Code of 1908). 
The certificate must be produced if required to any Inspector 
or ofiidbr of the Board of Education’s Medical Department. 

It is unHerstood in all cases that thorough disin¬ 
fection U carried out As a further safeguard it is 
desirable to insist upon a mi^dical certificate of freedom 
from infection w'hen a child returns to school after an 
infectious illness. 

Typhus and enteric fever arc not included in the 
list They, of course, rarely re<{uire consideration. 
In either, * three weeks may lie adopted as the 
period of quarantine ; and four weeks as the earlirat 
date of return to school after an attack, if all symp¬ 
toms have disappeared and convalescence is complete. 

The duration of nngworiu, ophthalmia, impetigo, 
and scabies is indefinite ; and childi^n suffering from 
any of tliese should, as a rule, be excluded or referred 
for treatment. 

Inspection of aclioolK.— The following schedule 
includes the principal points that require attention in 
the sanitary inspection of day schools 

Character (elementary,secondar)’, technical). 

Lwal education authority. 

1. pMitioH and anrroHHdinfg of aehoaL^Haiwte of soil and 

•uMl; rite, aspect, etc. 

2. I^a^^ramd. — Size; covering of paving; drainage; 

boUduiga or Aatum in; ckif^mess. 
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3. School buUdingt [plans].—Structure, entrancai, corridon, 

staircases, central hall, school-rooms, class-rooms. 
Number of storeys. Infont schools. Special depart¬ 
ments for cooker)-, laundry work, handicraft, science, 
drawing, medical inspection, school meals. Open-air 
class-room accommodation. 

(a) Strnctui%.—Condition of roofs, walls, floods ceilings. 
Purpose of rooms. 

(i) Cubic capacities and accommodation: superficial area 
and cubic space per child. Overcrowding in class- 
rooms. 

(r) Heating.—Mode, radiation, convection; fire-places, 
stoves, hot pipes, or other methods; temperature in 
summer and winter. 

{(i) Lighting. MikIc*; degree; windows, sixo and iiosition; 
means of artificial lighting. 

{c) Ventilation.—Motho<)8: natural or artificial; measure¬ 
ments of CO.J. Standard may he. —. Air supply. 
(/) School furniture and fittings. Desks and seats. 
Gymnasium. Teaching appliances ~ bbickboards, 
slates, pencils, 8])onges. 

(y) Cleanliness. — Arrangements for; scrapera. Dry 
cleaning. Periodicol disinfection. 

4. Oemral MniiatioH. — Kefuso removal; receptacles ; 

ashpits, structure and condition of; sanitar)' con¬ 
veniences (water or oarth); separation of sexes; 
type and character; number; condition; arrangement; 
position: urinals, accommodation, flushing; drainage: 
surfoce and soil drains ; rain-water; sink wastes; cess-, 
pits (cover, stnictore, cleansing); relation to well and 
land drainage; disconnection and ventilation; trapping, 
testing, etc. * 

5. lavatory, bath- and cloak-room aetommodation.-—VQ%iiiHU \, 

structure: number of basins; wator supply; ^wels; 
ciothes-hooks; drying arran^ments; sis^ heating, and 
ventilatimi of cloak-room. Baths. 

6. IfaUr fwpp/y.—What provision; if well, position and 

covering; surrouiidiogs of well; quantitv and adequacy 
of supply. Pla 3 'groand tap. Water-filters. Storage 
and distribution. 

7. Kacta^i Aegss.—Positiou, size, accommodation; general 

sanitation. Teachers' rooms and accommodation. 

Omtral .—Number of teachera to scholars. Number on 
roll and average attendance. System of medical inspeo- 
ticni in vogue. General result of records os to persmal 
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hygiene of children. Infcctiotis diHeusee. liuury of 
Hchool and playtime, l^hysioal oxercisea. Attitude of 
children in school. 

The medical iiiwpectioii of school children* 

—School doctors wore first appointed^iii Sweden in 
1840 (in'connexion with training colleges), and in 
188.3 at Fnmkfort. Systematic medical inspection 
was intro<luced nt Wiesbaden in 1896, and the 
methoiis then adopted became geneml in the large 
towns of Germany. Practical interest hml been 
taken in tlio ({uestion in England from 1880 onwards. 
In lli90 a medical olHcer was a)>pointed by the 
Jjondon School Board, and in 1907 Parliament insti¬ 
tuted a natirtnal School Medical Service, which proved 
in fact to be tln^ first national sysUnn of school 
doctors. 

Tho Btictioii of tbo Kdiication (Adiniiiii^trative Proviaions) 
Act, H)07, which concorns medical inspection of school children 
(soutioii 13) is as follows 

13. (1) The powers and duties of a Local Education 
Authority umior Part III. of the Kdneation Act, 1902, shall 
include— 

[(«) Power to provide for chiltlrcn attending public 
olementiiry schools, vac;(tion school, vacation classes, play 
centres, ctc.1 

(^) The duty to provi<lo for tho medical inspeertion of children 
immediately before or at tho time of oP as soon as possible 
after their admission to a' public elementary Hchool, and on 
such other occasions as the Board of Eductition direct, and the 

g )wor to make such arrangements as may be sanctioned by the 
oard of Education for attending to tho health and physical 
condition of the children educated in public elementary schools: 
Provided Umt in any exercise of powers under this section the 
Local Education Authonty may encourage and assist the estab¬ 
lishment or continiuince of voluntary agencies, and associate 
with itself representatives of voluntary associations for the 
purpose. 

The Boanl of Education require at least tliree 
medical iospectiona of each child during school life. 
The purpose of the School Medical Service is—(a) to 
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select by systematic medical inspection the ailing 
child, and to make available cffis:tive means for 
treatment ; (6) to provide healthy school conditions; 
and (c) to CHUblish physical education and a sound 
physique in clyUlhood. The (^ode of Itcgulations for 
Public Elementary Schools sets out clearly the re* 
quirements in r438pect to scliool hygiene and medical 
inspection now iiiq>oaod upon all the 319 Local Educa¬ 
tion Authorities whicli are responsible for the State 
system of education throughout Knglaml ami Wales, 
and it will be conv<mient to quote tliesc n^ejuiretnents 
fully 

Thi‘ Tc'tehi/ii/ of Ifijifinif nud Vhijncal 'Ihiiniiu/ 

2. In Hchuols for scholars tbu subjects described below 
should tx) taught in ii msnner suitable to the age and CA]>8('ity 
n( the suvural classes. It is nt>t necessary that all the siibjecta 
should be taught in every claas, and the ciirriculuta as a whole 
may >)0 modified when tho Board are satisfied that tho needs 
of the scholars or the niTcuinstun<?e» of the school require it..... 

(9) Uygitn.' aud phynkol truinhii;, including oxerciseft in 
pniper breathing; instruction adapted to tho ages and sexes 
of tiie scholars in the elementary rules of ]>enonal health, 
]Nirticulurly in respect of food, drink (including alcohol*), 
(dothing, cleanlinoss, and fresh air; and careful cultivation 
of a correct posturo at writing and other lessons. In any 
course of {ibysical exercises the general j^hysical development • 
of tho scholars should be aimed at, and tho official syllabus 
of physical training should bo fuIlgw<Hl. 'I'he scholars of any 
school not sitimted wholly on a ground floor should be prac¬ 
tised in fire-drill. Instruction and practice in swimming may 
also be included in the time-table. 

Sanilation of Sehuol rremx»e$ 

18. The premises of the school must be healthy, safe in 
case of fire, must have suitable and sufficient sanitary and 
cloak-room accommodation fur the scholars in attendance and 
for teachers, must he adequately lighted, warmod, ventilated, 
cleaned, and drained, must be kept in proper repair, and most 
bo sufficient, C(Hivonient, and suiUbly arrange for the instroo- 
tion of the children in attendance according to their age. 

* Lessous In " Temperance," where given, eboahl be in eonforaiity 
with the O^isl Sjrllsbos tUted lia June, 1909. 
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Pi'oviiion for Medical Intpeeiion 

‘26.—Every school or department mu«t comply with 
such conditions, regulations, imd requirements imposed by 
the Education Acts as are applicable to the type of school 
in ([uestion. Satisfa(;tory provision must be made for the 
medical ini^ction of children attending the School in accord- 
ance with section 13 (1) (b) of the Kdacation (Administrative 
I’rovisutas) Act, 1907, 

68.—(««} Arrangements must l>e made, so far as practicable, 
for carrying out the work of medical inspciclion in the school 
premises, and the managers shall give such reasonable facilities 
as are required by the T>ooal Education Authority for the 
purpose. 

[b) ^'ho Board must be satisfied that provision has been 
made for the medical inspection of all children udmittod to 
the school in d;he yeitr, and of iUI (rhildren who uro expected 
to leavi* school in the year—the year in each case being the 
twelve months ending on the SIst of July. 

.Utriidftnrr til O/hhi-Ao- Schouffi, dv. 

44. In making up the minimum time required in order 
that an attendance may be i-eckoned for grant there may bo 
inchided— 

(y) Any time spent during the ordinary scbool-tonn under 
arraaMments'and according to a timb>table approved by the 
Board at an open-air school, school camp, or other place 
selected with a view to an improvement of the health ami 
physical condition of the children. 

(6) (i) Any period occupied by the medical inspection 
or treatment of soholurs, conducted by or under tho author¬ 
ity of the Local Education Authority^’in pursuance of the 
r^uirements of section li of the Education (Administra¬ 
tive Provisions) .Act, 1907, whether such inspection is 
(.'iondneted in the school premises or (in special ciroum* 
stances) in some other place appointed for tne purpose of 
the Local Education Authority with tho approval of the 
B(»rd. 

The Board itiay^ at any time require the L>crI Education 
Authority to fumudi them with a special report by the 
aic.o. on the working and effect of any arrangements made 
under this Article. 

The School Metiical Officer 

For the purposes of this Code School Medical Officer,” 
it may here be repfetedi means a medical officer named by 
the Local Education Aa^ority, and reos^nioed as sncii by tiie 
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Board. In exceptional eaaes fbe Board will reoogniae iraparatc 
ti.M.O.s for separate parts of one area. 

CiMur« of School and JSjPelttoion of Children 

46. The school, dopartraent, or infants* division must have 
met not less thnis 100 times in the school year. 

(6) If the requisite number of meetings has ndt beon held 
owing to a closure of tho school under Article 67, or under 
the advi(« or with the approval of tho S.3C.O., or for any 
other unavoidable caiue, the grant may bo paid in lull, pro* 
vided that the roquiroments of this Article are satisfied after 
an allowance of nine meetings has beon made for each week 
of such closure. 

53.—(a) No child may ho refust^d admission to a Public 
Klomentary School on other than reasonable grounds. 

(6) Where the Boanl are satisfied (i.) that proper arrange* 
ments have bocn mado by the Loial Kducalion Authority lor 
enabling the S.U.O. to ascertain and certify cases in which 
the exclusion of children front school is desirable, and (ii.) 
that the S.M.O. has anthoriEcd the exclusion of certain 
children from the school ~ 

(1) on the ground that their exclusion is desirable to pre- 
A’ent the spread of disoasc, or 

(2) on the groun<l that their uncleanly or verminous con* 
dition is detrimental to the other scholars, or 

(3) on tho ground that, owing to their state ci health or 
their physical or mental defects, thc^ are incapable of 
receiving proper benefit from the instruction in the 
school, 

the elusion of such children shall be deemed for the purposes 
of this Code to be exclusion on rea^nable i^unds. 

For tho purposes of this provision the Ixical Education 
Authority may direct that no diildren who have been ex* 
eluded under the authority of tlm S.K.O. or under Article 
67, or who have bocn absent from school owing to sickness, 
sh^ be re*admitted to school if the S.HC.O. is not satisfied 
that they can attend school without risk to themselves or 
others. 

Every direction or authority given by tho 8>IC.O< must 
be embodied in a certificate si^^ by him. A copy of every 
certificate must be furnisbed to the Lo(»l Education Authority 
and most be produced, if required, to any Inspector er officer 
of the Board's M^ical Department. 

67. If the 8>A. ci roe distrii^ in whi^ the school fs 
ritnated, or any two members thereof, acting mi the advice of 
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the M.O.H.,re<luire either the do.siire of the school or aoy 
(lepiirtmont thereof or the exciltision of j-ertiiin children for 
speciBed time, with a view lo prevonting the spread of 
disuse or any ditn^r to health likely to arise from the con¬ 
dition of tho school, such requirement must at once ho eomnlieil 
with. ^ 

The School medical Service has been or 
gani/ed ns a part of the Public Health Service and 
not upon an ad Jute basis. In many areas them are 
under the S.1C.O. Assistant Medical Oflicers, school 
nurses, attendance ollicers, {vnd variou-s types of 
voluntary workers who assist. Tliere are upwards 
of 1^200 Medical OAicers (uigagod in the School 
Medical Service, of whom more than 100 are women. 
Tlio statutory medical ins|»eetion, wliich is usually 
carried out on tlu5 school premises, takes account of 
the following points in each child: — 

(rt) Name, age, address, school, date of inspection, 
standard, chjthiiig ami foot-gear. 

(h) Personal history, previous illnesses (measles, 
wlrooping-cough, chickenpo.x, scarlet fever, 
diphtheria, and other illnesses), and family 
medical history. 

(c) General conditions—height, weight, nutrition, 
cleanliness. 

(rf) Special conditions—teetli^ nose and throat 
(fusils, iidenoids, glands), t*ye disease, vision, 
ear disease, hearing, speech, mental condition. 

(e) Disease and deformity—including condition of 
heart and circulation, lungs, nervous system, 
tuberculosis,* rickets, deformities, spinal dis¬ 
ease, infectious or contagions disease, and any 
other disease and defect present. 

As a result of medical inspection it has been found 

* Th« Pnblio Health (Tiilwrculosisl KeKiilatioiM, I9U’, Art., rt, iwmlre 
the 8.1C.O. to send week!; lUt« I'f itll coaea of tubercnhiela to the KO.H. 
of the district withitiewhich the phwee of realilunee of tho chiMreo are 

situate. 
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(1916) that of tl)c uix million children in tlie ole- 
meutavy RchoolH of England and Wales about 10 
per cent, suffer from serious defects in vision, 
licariitg, or nutrition, 20-40 per cent, from ex¬ 
tensive decii,” the teeth, and 1—2 per cent, from 
obstrindivo a(f(‘noids; about 1 per cent. Imve ring¬ 
worm ; 2 per cent, liave suppiii'iiting i^rs, 1 per 
cent, have recognizalde tuberculosis, 2 per cent, 
have lieart disease, and 10 fM*r cent, have unclean 
heiul.H. 

The profedure in regard to those dofoets is as follows: The 
Kduaitiun Authority are responsible for the modicfd 
inspiftion through the S.Jfi.O., who reports to the Authority 
his tindings in rospocl of individual children ; they communi- 
oat*' th*- tindings to tho children's parents, whose duty it is 
to obtain the nocessury treatment. Jn ordi.-r to onsurt* that 
defective children rer-eive the treatment they n^piire, it is 
necessary to “ follow up ’* the case and in <lm) course to re¬ 
examine. In this proceeding the parents, teacher, school nurse, 
attendance officer, and school doctor all take a share. Tlte 
Work is frequently organized under Care Connuitteos, who also 
make themselves rospimsible for the management of aehool 
ftteding, after-care work, employment of children, etc. 

me«lical tr4»ntin6iit of' m'IiooI children. - 

liocal Education Authorities have power to treat 
defects found on inspection or provide ameliorative 
or preventive methods as follows: (1) By improve- 
nmnt of ffchool arrangemeiiUj including tlie sanitation 
of premises, curriculum, physical exercises, open-air 
classes and schools, and school hygiene generally. 
(2) By Meri'ise of jtowers under gjfee.ial AcU relating 
to school ckildreth, particularly such legislation as the 
Elementary Education (Blind and Deaf Children) 
Act, 1893, the Elementary Education (Defective 
and Epileptic Children) Acts, 1899 and 1914, the 
Education (Provision of Meals) Act, 1906, the Chil¬ 
dren Act, 1908, and the Mental Deficiency Aot, 
1913. (3) By co-opertuion mth the S.A. in regard 
11 
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to the prevention of the spread of infectious diseases, 
disinfection, sanitation of school premises, and various 
questions of domestic and home hygiene. (4) By 
re/erf.nce to a medical practitioner. (5) By the school 
nurse. (6) By the provision of suUqftle spectacles at 
reduced *ratc8, or in necessitous cases free of charge. 
(7) making contributions to hospitals^ dispensaries^ 
and nursing and children's care associations. The 
Boaid have made it permissible for Authorities to 
include among the conditions of contribution to this 
kind of institution a provision allocating reasonable 
ren^uneration to the medical staff re8j)On8ible for 
carrying out the treatment provided. (8) Lastly, by 
the esiahlUhment of school clinics managed by Local 
Education Authorities—both general climes and 
dental clinics (480 now established). 

The Jjocal Education Authorities (Medical Treat' 
ment) Act, 1909, requires that where a provision is 
made by the Authority for medical treatment there 
shall be charged to the parents some amount not 
exceeding cost. Payment may be remitted if the 
Authority are satish^ that the family is necessitous. 
Under Regulations issued by the Board of EducaUon, 
grants-in-aid are now made tor medical inspection 
and treatment 

Open-air schools. —The four principal means 
of physical education arc the teaching of hygiene 
and cleanliness, the feeding of school children, sys* 
tematic physical training, and open-air schools. Such 
open-air education takes the following forma: fl) 
Classes held in playgrounds, gardens, or parks; (2) 
school journeys and countiy schools; (Z) open-air 
olasa-Fooms; (4) open-air day schools; (5) r^dential 
o]Mn-air schools, and (6) children’s sanatoria. Such 
piethods are particulai’Iy valuable for aneemic, de¬ 
bilitated, malnourished, or weakly children. The 
advantages are*fresh air and sunlight (heliotherapy), 
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improved dietary, rest, hygiene, medical care, and 
special educational methods. The criteria of the effect 
of these methods are height and weight, chest expan¬ 
sion, muscular tests, hlood tests, mental tests, improved 
health, and scjiool attendance. Typical day open-air 
schools exist at Bradford, ShelKeld, Biimingham 
residential schools at Clacton and Rochdale; sana 
toria at I,easowe and Alton. 

Special schools for defective children.— 
Direct and indirect treatment has been provided 
for blind, deaf, mentally and physically defective, 
and epileptic children found in the elementary schools. 
Physical defects in children include all forms of 
crippling and disablement; mental defects include 
idiocy, imbecility, feeble-mindedness, moral deficiency, 
backwardness, cretinism, etc. Education or guardian¬ 
ship is required for all these types. 

The Elementary Education (Blind and Deaf 
Children) Act, 189.3, places U|>on the ])arent and 
-School Authority the responsibility of education of a 
child who is blind or deaf. The Authority must 
obtain suitable education for such child in a school 
certified by the Board of Education, either established 
by the Authority or receiving contributions from such 
Authority with or without representation. Two or 
more Authorities may combine for this purpose, The 
period of compulsoiy education must extend to 16 
years. 

The Elementary Education (Defective and Epilep¬ 
tic Children) Act, 1899, is adoptive only, and gives 
power to a School Authority to determine what child¬ 
ren in its district are defective and epileptic. “ Defec¬ 
tive" children are those who “ by reason of mental or 
physical defect are incapable of receiving proper 
benefit from instruction in the ordinary public ele- 
mentaiy schools,” and the defect must be certified 
by a medical practitioner approved by the Board of 
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Education. Under the Elcinontary Education (De¬ 
fective and Epileptic Children) Act, 1914, Anthorities 
must make provision for the education of mentally 
defective children by providinj( or contributing to 
special classes or schools for the purpose, with or 
without ‘iboai*ding-out’’ accouimodatidn, and periodi¬ 
cally shall examine medically such children to asccr* 
tain wliethor they are fit for ordinary school. {See 
Mental Deficiency Act, 1913, p. 654.) The parent 
may, after consultation, be compelled to send his 
dofttctive child to such special school, wliich shall be; 
entitled to grants-in-aid and the receipt of payments 
from” parents or Poor Law. Compulsory e^lucation 
extends under this Act also to 10 yeai*s. 

Under these Acts iS schools exist (UUd) for the Mind, 40 
for tho deiif, 180 for the t4‘i ble-min<lp<l, (il for the physically 
defective, and (> for ejaleptie.s. Some of lho.se are residential 
•chools of the nator<‘ <if “colonies ” There are 20 open-air 
schools and 29 schoohs for ttil>erouloi]s children. Not less than 
30,000 children aro odmated in these ‘‘sjwcial’' schools, which 
are controlled hy rejfulutions under the Ih>ard of Education 
and receive additional giants-in-aid. Appropriate methods of 
education, inclndinp: luarnml work, are adopted, and mc-dical 
(examination takes pL-ico annually. SjKicial classes exist .also 
for rotavdod and myopic children. 

The London County Council (General Powers) 
Act, 1907 (sections 3C)*\ind 38), pixtvides for exami¬ 
nation and cleansing of verminous schotd ciiildren, 
and the Geueiul Powers Act of 1908 (section 6) em¬ 
powers S.A.a in London to appoint health visitors for 
the proper ntirture, care, and maimgeraent of young 
children and the promotion of cleanliness. Under 
this Act the Ii.Q.B. have issued the Health Visitors 
(London) Order of 1909, making regulations for such 
appointments. The Public Health Acts Amendment 
Act, 1907, 1 'equiros for the S.A. lists of school children 
suffering from it\fectious disease and their exclusion 
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from school The Education (Provision of Meals) Acts, 
iy06 and 1911, provide for feeding' school children 
uinler certain conditions, with or without payment by 
parents. Half of the approved expenditure on school 
jneals is now pjiid by the Exclusjuiu'. The Enijdoyment 
of Oiildren Act, 1903, the labour Exchanges Act,1909, 
anti tin; Kducatioii (Choice of Kniployiiieiit) Act, 1910, 
oontfiin provisions n'garding th*i einployment of child¬ 
ren which call for the attention of the scliool doctor. 
The Children Act, l!'0S (sections 12 and 122), de^ls 
with neglected and vernilmnus chihlren {see p. 649),* 
Ti^aeliiiiirol'li} g:i4>ii4‘ »ii«l iMiyiiirnl truliiing. 
—Article 2 (9) of tlie Otulc of liegulatioiis for Ele- 
nieutary Schools governs the teaching of these subjects, 
and under it three special syllabuses have licen drawn 
up by the Hoard of Education for lessons in hygiene, 
tempcranci*, and })hysical exercise. The Syllabus of 
'* Temperance ' Teatdiing is designed for actual use in 
the schcjol, but the Lesssons in Hygiene and Physical 
Training have relation, in the first instance, to the 
necessities of students in training for teacliera (col¬ 
legiate and noii-collegiate). The Syllabus of Physical 
Exercises (1909) is ba.sed upon the Swedish system, 
and contains a series of model ttibles of exercises, * 
dauchig steps, and organized games suitable for 
elementary and secondary schfiols. The Hoard have 
also issued instructions for the teaching of infant 
care and management to elder girls, in conjunction 
with housewifery or indejwndently. 

School 91edical Officer’s annual rc|>ort>— 

The Board of Education require an animal report on 

* Ohildrsa under tbe poor law, etc.—There are Itomo 70,000 diH* 
flren In poor law inatltntlons (workhoii^on, nick aayluina, pertlfte*! achoola, 
Sietrict achoole, etc.), nnd 184,000 tiiore children receive.iwlief In on® form 
'> 1 ' another. (For ]iarticular« concci'nin;; Ihe'^e )H'.lirx)li see Ckil/li'en vndtr 
the JW htw, L.G.11. Circular, 1910.) Further, there aiv iwniie ]00 reforma- 
tor>' and induHtrial achociN, nccomnioiliitittg 18,000 vhitdreD. rnnitiiitted 
Quder tlie Home Office, for whom tiiedicral care, phyeieal training, 
etc., must ho oritvid<id.-~Hei>ort <^f JM-imrifnenM Cotunittu on Rifitmalorif 
and fHdiMfrhd ^oofr, 1918. _ 
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the whole subject of Sohool Hygieae^ under the fol¬ 
lowing beads;— 

(a) General review of the hygienic conditions 
prevalent in the schools in the area of the Local 
Education Authority in respect of s^ch matters as 
sarroundftigs, ventilation, lighting, wanning, equip¬ 
ment, and sanitation, including observations on the 
type and condition of sanitary conveniences and 
lavatories, water supply for washing and drinking 
purpcmes, the cleanliness of schoolrooms and cloak¬ 
rooms, arrangements fur drying children’s cloaks 
and boots, and the relation of the general arrange¬ 
ments of the school to the health of the children. 

(b) General description of the arrangements which 
have been made for the co-relation of the School 
Medical Service with the Public Health Service and 
for the organization and supervision of medical in¬ 
spection, and an account of the methods of in8|)ection 
adopted. 

(c) Statement of the extent and scope of the 
medi<»l inspection carried out during the year. 

(d) General review of the facts disclosed by 
medical inspection, under the headings contained in 

• the schedule. 

(«) Review of the relation of home circumstances 
and social and industrm! conditiops 6o the health and 
physical condition of the children inspected, so far as 
facts bearing on this point have come under notice. 

(/) The methods employed or available for the 
treatment of defects. 

(g) Action taken to detect and prevent the spread 
of infectious diseases. 

(A) The methods adopted, and the adequacy of 
such methods, for dealing with blind, deaf, mentally 
or physically defective, and epileptic children under 
the Acts of 1893 and 1899. 

(«) The methods and results of instruction in per- 
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sona! hygiene and temperance in the public elementary 
echoole in the area; the methods and results of physi’ 
cal or breathing exercises in the schools; arrange^ 
nients for open-air schools, school camps, etc., under 
Article 44 (g) of the Code of 1908. 

(J) Accounl of miscellaneous work, suea as the 
examination of scholarship candidates, pupil-teachers, 
or teachers of any grade. 

Children under 5 years of age.— Alth^^ngh children 
under 5 yoare of nge do not come withm the school system of 
compulsory education, attention to their health is an important 
mrt of Preventive Medicine in relation to the school child. 
The conditions which lead to high infant mortality (p. 742) 
iiicri^se the doabh.mto up to I) years, and affect older children. 
Preventive methods must therefore begin before and during 
infancy (prenatal, natal, ]> 08 tnatal), and include (a) matemitif 
eentres, aehooU for tMihern, infant-welfare centres for the care of 
the mother and infant (weighing and exatninution of infant, 
instruction in mothercraft, home visitation); {i) erkhss or day- 
nurseries for supervision of the child in the mother’s absence; 
(tf) nursery schools for children aged 2-5 for training in habits, 
hygiene, etc.; (d) infant schools for elementary ^ucation; and 
(e) bi^tf-elinies and infant hospitals for medical and surgical 
supervision and treatment. 
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<iiciieriil r.oii»ii«l4‘rnlioiiM. -Ail that has been said 
in respect of site, surroundings, and construction of 
houses applies with still greater force to hospitals. 
Pure air and light are of especial imiiortance in side¬ 
wards, which arc occupied day and night The site 
should be as dry and open as j>ossihle, prefembly ou 
a porou.s subsoil, not e.xposed to smoke or effluvium 
borne hy wind, and not unduly sheltered by trees, 
buildings, or hills. If practicable the site should be 
open to the soutli and west, and convenient of access. 

Wards*—Long wai'ds should face east and west 
so as to admit sun on each side alternately, and 
if any deviation is necessary it slwuld preferably be 
suclr os to gn'e a south-east and north-west aspect 
(Thorne Thwne). Single-storey hospitals are prefer¬ 
able, os affording the freest circulation of air. Each 
‘ward is then complettdy detached from the rest, and 
the absence of stairs ^is advantagetius; but from 
motives of economy and convenience of conceutmtion 
two or more storeys are usually built. 

Small wards are inevitable in cottage hospitals, 
and, indeed, in all hospitals, since provision has to be 
made for the isolation of severe or infectious cases, 
and for the classiflcatioii of patients according to sex, 
and sometimes acconling to disease. As a general 
proposition, liowevor, large wards are moi’e readily 
ventilated, warmed, and liglited, more economical in 
construction and management, and moi'e convenient 
as regards numng. 

:it>4 
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For long wHi'ds tho width should bo 24 to 30 ft., tho height 
13 to 14 ft., iind the length each an to allow a oabio npace 
per jKitient of at least 1,200 ft. Not less than 2,000 ft. is con¬ 
sidered nneossary in an infoctious-discascs or lying>in hospital, 
or for sevoro surgical cases. It is not ponniasible to obtain this 
space by inormsing thy height. As already explained, ©x- 
tremo height is of liltlc utility as regards ventilation, and in 
hospitals it is essential to have plenty of floor spsico around 
each bed. For nursing jiurposes at least 90 sq. ft. per 
bed is necessarj’, and more will bo required if the ward is 
largely used for clinical teaching. Wherever there is aiiy 
possibility of septic or other infoi'tion—as, for example, in 
surgical wards, lying in wards, and wainls for infectious dis¬ 
eases -wide separation of beds is iinjiortant. In such eases 
12 ft. of wall and 130 lu 140 ft. of floor space should be 
.iliowed. It is fouml that for i.onvyuionco ii) nursing the 
number of beds in one ward should not excotKl 32, and usually 
24 or 28 would be preferable. 

Tho beds ary arranged with their heads to the wall, facing 
into tho ward. Each bed should ))0 placed belwoen two 
adjoining window.s, (he space betw'een the windows being not 
less than a foot wider than the bed. At ntost two beds may be 
allowed iu one space, the intcival between them being at least 
3 ft. The intervals between the windows of a ward should 
be such os to allow of this arrangement. Tho windows should 
reach to within a foot of the ceiling. 

All the surfaces should be impervious, smooth, and 
washable, and all ledges, crevices, and stagnant comers • 
in which dust may l^ge must be avoided. The floors 
may be paiuttined or w'axe«l, tl« walls lined witJi tiles 
or glazed brick or Panan cement, or, in the aitsence of 
such materials, simply painted. 

Heating and ventilation.— The heating may 
be eftected by open fire-places or ventilating stoves, or 
both, and it is well to have in addition coils of steam 
or hot-water pipes witli radiators in corridors. Venti¬ 
lation must be provided for to the extent of at least 
3,000 ft. per head per hour, and it may be taken as 
a safe rule that the whole air of the ward ought to be 
changed thrice hourly, so that the hourly supply of 
fresh air should be three times the cubic capacity of 
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the ward. Ventilation may be by windows on 
opposite sides of the ward; the windows should be 
doubie'hung sashes with fanlight above, falling in¬ 
wards, hopper fashion, with side cheeks to prevent 
down-draught. One square foot of window to every 
70 cub. fl!. of ward space is a suitable proportion. 

Extraction may bo provided for by firO'places, stoves, 
windows opening at the top, Sheringham valv^ near tho 
ceiling (p. 201), chimney sl^ts, warm outlet flues, and in 
Other ways. Special extraction shafte, with inlets at or near 
the ceiling, are desirable. Such shafts may be carried up 
alongside or surrounding the chimney or stovo flue, so as to 
utilisse the wasto heat as a motive power; or, independently 
of these, with a gas jet in the inlet to create an upward 
current. Some hospitals for infectious diseases have an ex¬ 
traction shaft upon a larger scale, the foul germ-laden air 
being made to pass through a gas furnace. Most, if not all, 
of the germs are no doubt destroyed in this w^, and the rest 
are prevented from diffusing horizontally. 'Xnis precaution 
was suggested by the Hospitals Commission, and is especially 
important in regard to smallpox hospitals, wliich have been 
shown to be capable, under certain conditions, of acting as 
foci from which infection spreads through the air. 

In many hospitals the heating and ventilation systems are 
combined. In any case it is desirable to make arrangements 
for warming the air passing into the wards. This may be 
done by means of ventilating fire-grates, ventilating stoves, 
or ooUs of hot pipes at the inlets. Windows, Sheringhams, 
and Tobins may suffice in warm weather, ult is a common 
practice to place the inle^ under beds, with the intention of 
avoiding draughts and supplying the purest air close to the 
patients. 

In the most approved plans a cross-ventilated corridor or 
anteroom leads from one comer of the ward to the wator- 
olosets and slop sinks, and the bathroom and lavatory are 
similarly placed at the adjoining corner. At the oppoeite end 
is a nursee room with a window overlooking the ward. 

Hospitals for lafeotlous diseases. ~ 

Keference has already been made to the need for 
greater cubic apace and ventilation in such hospitals, 
and to the important of guarding against the ten¬ 
dency to aerial spread of infection in certain dis- 
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eases. The communication with the outside has also 
to be kept under strict control. It is desirable 
that “ isolation hospitals ” should themselves be iso¬ 
lated from other buildings, and even from thorough¬ 
fares, by reseyving as wide an open space as pos- 
sibla The boundary walls should be 6^* ft high. 
Each disease must be isolated separately, and if 
possible in separate blocks, not less than 40 ft. 
apart, and the same distance from the boundary.* 
There should be no eommunication whatever between 
the different blocks, and the intercourse with 
the common administiative department should be 
as little as possible. As regards structure and 
arrangement of wards, the standards named in re¬ 
spect of general hospitals apply, except that not 
less than 2,000-2,600 cub. ft. are required per bed, 
and 130-180 ft. of floor space. A special block con¬ 
taining at least two or three small wards is necessary 
for doubtful oases, or cases not received into the prin¬ 
cipal warda The site should be high and airy, on dry 
gravelly soil, removed from buildings but not too 
exposed. It should not in any case be less than 2 acres 
in extent, and the number of patients per acre should 
not exceed 10-20. 

The essential parts of a hospital for infectious 
diseases are— • 

1. An adminittrative block, including acoon- 
modation for the medical officers, matron, nurses, 
and servants; dispensary, kitchen, scullery, larder, 
and pantry; laundry, linen-room, store-room, coal- 
cellar, bathrooms, closets, etc. etc. 

* The LQ.B. recluire {iWi) that a smalljMZ hospital ahoutd not be 
80 placed as to have within a quarter of a imle a hoajdtat (whether ftw 
Infeotioua diseases or not), a workhouse, or any irimiiar establtshment, ot 
a population of 300 persons; or within half a mile a Mpulation of 600 
persons, whether in one or more inetitutions or in dwelung-hoi^; sTen 
where the above eonditlons are fhlhlUd, a h'wpital inqet not be nM eft 
one and tbe same time for the reception of eases of imallpon ana Gt an; 
other kind of disease. * . 
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2. Hospital blocks^ namely, at leiust one for each 
disease to be isolated, and in each block at least two 
principal wards, one fur each sex. Additional small 
wards for one or two beds are desirable. An “iso¬ 
lation block,” consisting entirely of small wards, is most 
useful. Besides the wards, closets, sinks, and bathrooms, 
each block should contjiiii a nurse’s I'oom, overlooking 
the ward, and so arranged Jis to serve as a scullery 
and ward'kitchen for minor cookery ; linen-room, 
store room, and coal-pluc(?. The nurse’s sleej)ing-room 
must be away from the wards; it may be in the same 
block, buf is more usually placed in the administrative 
block. An’angements must be made for the patients 
from each block to take exercise in the grounds with¬ 
out coining into contact with each other. Small¬ 
pox hospitals should be entirely independent of those 
for otlier diseases. The drains of each block of wards 
should be trapped from the common drain, and venti¬ 
lated separately by an inlet just above the trap and 
by ventilating shafts at their highest points. 

3. Aitxiliai'y premises .—Mortuary and post-mor¬ 
tem room \ disinfecting room ; stable and ambulance 
shed; porter’s lodge, etc. The drainage, the water 

•supply, and arrangements for heating need no special 
mention. ■’ 

Typical systems of isolation. ^ Isolation hos¬ 
pitals are now most commonly built of the pavilioii 
type and of one storey only, having large or small 
wa/rds. The former ai'e separated from each other by 
the entrance vestibule and nurse’s duty room. (Fig. 
26.) This arrangement allows of complete separation, 
cross-ventilation, abundant light, ready administra¬ 
tion, and easy classification of patients. In small 
vaard or “block ” type the wards are similarly sepa¬ 
rated, hold only two beds, and are each entei*ed from 
the veranda (Fig. 2G) or from a common corridor. 
The third type consists of cells or chambers in which 




Fig, 25.—Isolation Hospitals. Plan of a Ward Pavilion for Twelve Beds. 
(L.G.B. Model.} 










26.—Isolation Hospitals. Plan of an ** Isolation ** Block for Eight Beds. 
(L.G.B. Model.) 
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each patient is completely isolated from his neighbour 
by glass partitions (Fig. 27). Fourthly, there is the 
etibiele system, in which the dividing partition is 
only 7 ft. high. These types have been added to by 
the introduction of the harrier system, by which the 
patient is isolated by a simple co^on, implying exact 
and skilled isolation methods of nursing. Lastly, at 
Fazakerley, Liverpool, Bundle has introduced htd 
isolation only, an application of the barrier method 
without the barriers. Examples of these types may 
well form a part of any laige hospital, but wise 
reliance upon any of them is dependent on two 
factors: first, the degree of infectiousness (enteric 
having short striking distance and smallpox long), 
and the skill and experience in aseptic methods of 
the nursing staff. 

Nnmber of beds. —^The number of beds which 
should be provided has been stated as one for 
each thousand of population., but such an esti¬ 
mate can only be of the roughest kind. Much 
depends upon the character of the population, u[>on 
the numimr of diseases which it is proposed to 
isolate, upon the thoroughness or the reverse with 
which the policy of isolation is to be carried out,* 
and lastly upon the question whether the hospital is 
intended to be a final and iiftlastic establishment, or 
merely a permanent provision sufiScient for non- 
epidemic times but capable of rapid extension at a few 
days’ notice in the event of serious epidemic. It is ob¬ 
vious also that averages are of little use as indicating 
the maximuiy possible demand for hospital accom¬ 
modation at any given date, and it is not to be 
assumed that only one disease will be epidemic at one 
time. 

By general consent, smallpox, scarlet fever, 
diphtheria, enteric fever, plague, and typhus are 
diseases which, for the public safety, ought to be 




27.—IsoUtion Hospitals. Plan of an Observation Block for Single Cases of Infectious 
Diseases, for Cases of Mixed Infection, or for Cases of Doubtful Diagnosis. (L.G.B. Model.) 
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treated in hospital whenever possible. Experience 
has shown that with compnlsoiy notification and 
frm Impitals it is possible to get into hospital 
practically all the smallpox, a great majority of 
the scarlet fever, diphtheria, and enteric cases, and 
all the plague Tind typhus cases, without recourse to 
compulsion. 

To sum up, therefore, the provision of one bed 
per thousand population is not likely to lie found 
excessive. Indeed, it will not suffice in the event of 
epidemics, and if such diseases a.s measles and whoop¬ 
ing-cough are to he isolated, largo additions will 
be necessary. It is, therefore, advisable to reserve 
a liberal area for future extensions, temporary or 
otherwise, and to construct the administrative por¬ 
tions upon such a scale as to suffice in case of such 
extension of the isolation blocks. 

It is of the utmost importance, if isolation is at¬ 
tempted upon the large scale, to make the hospitals 
free, and this is only reasonable, since the public gain 
at least as much as the patient by his seclusion. 
The S.A.. must not regard removal to hospital 
merely as a privilege sought by the patient and his 
friends, but as a concession on their part to 
the public safety. Any charges, however small and ’ 
readily remitted, are deterrent in the very cases in 
which isolation is most needed. The I’ovenue from 
patients’ fees is at best a small fraction of the cost 
of maintenance, and the wholesale remission of them 
—without which the isolation of cases among the 
working classes is impracticable—has an appearance 
of charity which is naturally resented. An excep¬ 
tion may be made in respect of the wealthy who are 
willing to pay suitable fees for the use of private 
wards and special nurses. 

Cost. —The expenses to be incurred in respect of 
isolation hospitals are classifieil under the Isolation 
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HospitalB Act as (a) stnictural, (6) e^blishment, and 
( 0 ) patients’ expenses. 

The mat cost of permanent hospitals—rarely- less than 
£200 ana sometimes £400 per bed—has led to the substitution 
in mariT cases of temporary structui^ ^£20~£d0 per bed), more 
especially is the presence of an epidemic, wh|n rapidity of con* 
straction Is the first consideration. Ihese may be tents, or 
buildings of wood and galvanized or corrugated iron. Wooden 
hospitals are common, and can be run up in two or three weeks. 
The walls must be made double, and it has been found advis¬ 
able to fill up the hollow with sawdust. The floors must 
raised above the surface of the ground. The roof may be 
slated or tar-felted. The foundation required is generidly a 
four-course brickwork with air-bricks and damp-proof course. 
The Amensions and arrangements may conform to those of 
permanent buildings. Tbo same may bo said of galvanized 
iron huts, which are often used for hospital purposes. Tents can 
be erected still more rapidly, upon a wooden floor raised above 
the level of the ground. The canvas should be double. Be- 
cently other forms of temporary hospitals have come into use, 
including those of Doecker and Bucker types, both of which are 
convenient in use, and can be erected at a few hours' notice. 
They consist of a stout wateiproof material stretched upon 
wooden frames, so shaped and numbered that they con be 
speedily pnk together to form a complete and weather-proof 
hut, i^ady for the reception of patimts. Willesden waterproof 
paper is uso used for the construction of huts. Sometimes a 
compMite construction has been preferred, with an administra¬ 
tive block of stone or brick, and pavilion wards of corrugated 
iron and wood, costing about £120 a bed. It should be ^ded 
that the L.Q.B. does not, as a rule, Sanction loans for the 
construction of temporary* hospitals. 

Temporary hospitals.— Their comparative cheapness 
and the rapidity with which they can be erected aro important 
points m favour of temporary hospitals, but their prop^ function 
IS to supplement, ana not supersede, permanent buildings of 
brick or stone. They are less attractive in appearance than 
the latter, less comfortable, and more difficult to ventilate 
efficiently, and to keep warm or cool. True disinfection, such 
as to fit them for the reception of casos of different diseases, if 
not impossible, is at least less easy and less certain ^an in 
buildings with hard non-absorbent surfaces, free from pores 
and crevices. Their daraHlity is far less than that of a per¬ 
manent bnilffing, and an annually increasing outlay is neMed 
in order to keep thAn in habitable repair. It is often claimed 
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on behftU of temporary hospittdB that no disicfeotion ii neoec- 
sary, since they can be burnt at the end of the epidemic, and 
renewed; but this plan, which would very soon prove mate 
costly than the erection of permanent hospital^ has rarely, 
if ever, ^en put into practice. The economy in first 
cost is great, but is usually exaggerated. It must be remem¬ 
bered t&t the ^ost of erecting a permanent hospital, as 
ordinarily stated, includes the preparation and laying out 
of the site, fencing, drainage, water and gas supply, erec¬ 
tion of accessory buildings, such as mortuary, disinfector, 
lodge, etc., and the whole* cost of the administrative 
block. These are not usually included in the stated cost of 
“ temporary ” hospitals, although just as essential in the one 
case as the other. Furthermore, the coat jwt* bed largely 
depends on the number of beds that are allowed in a given 
cubic space, and it will be found that, if the standard adopted 
in permanent h^pitala is applied to all, the nominal accommo¬ 
dation in temporary hospitals will often be reduced by one- 
half or more. If the comparison is made upon equal terms, 
the saving in first c<»t is insuflSciont to compen^te for the 
want of durability, and for every purpose of use permanent 
hospitals have great advantages. The liability to fire must 
not be forgotten. The only real advantage of temporary 
hospitals is, therefore, the rapidity of oreetionf and (except as 
a supplementary provision) tbu can only be impoxWt when 
the d.A. has &ilM in its obvious duty of previding a hospital 
without waiting for an epidemic. It is then frequently too 
late, however speedily the hospital is got ready. Means of 
isolation are needed at all times, in every large community, 
and it is even more important to endeavour to delay a&d • 
prevent outt^ks by secluding a fow ** sporadic” oases than 
to grapple with opidomios already existence. 

In addition to the structural expenses there are 
the establishment costs, which include all expenses of 
maintenance, repairs, salaries, etc., working out often 
at about ^620 to .£30 per bed per annum. Then 
there remain the expenses of removing, feeding and 
providing for the patients, including medicine, ap¬ 
pliances, disinfection, etc. Many hospitals would 
average say £10 or £12 per patient jper annum. (For 
details see L.G.B. Report on Isolation Hospitals, by 
JVanklin Parsons^ 1912). 

Eflfbot ol hosipltal Isolation.—The juitifioa- 
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tion for isolAtion is based on the brooti gi’ound that 
certain diseases are infectious; that is, are readily 
transmissible from the sick to the healthy. Infected 
persons act therefore as foci of the disease, and where 
such persons are left in the midst of densely populated 
communitios there is a greater tendency for the dis¬ 
ease to spread tlian if such persons are isolated away 
from others. Although it may bo possible to isolate 
almost any case of infectious disease in a large 
house, where all the requisite precautions can be 
rigidly maintained during the whole peiiod of in¬ 
fectiousness, it may be stated broadly that “home 
isolation ” in smaller houses cannot be carried out 
effectively. 

Hospital isolation lins the further advantages of 
providing more skilled medical and nursing treat¬ 
ment, and removing the source of infection from house, 
clothes, materials, milk, etc. Where satisfactory 
isolation can bo pi’ovi<led at home, hospital isolation 
may be unnecessary, and if a hospital is badly ad¬ 
ministered, or there is overcrowding, sucli home 
isolation may even be preferable. 

It has been contended that liospital isolation 
has failed materially to reduce the prevalence and 
fatality of scarlet fever, and has led to “ return cases ’’ 
of that disease; that is> secondary cases of the disease 
occurt'ing in the same household after the return home 
of the primary patient from liospitiil. These liave 
been found to be alxmt 1-3 per cent, of the number 
discharged. Simpson has shown that 80 per cent of 
such return cayes are due to discharges from mucous 
membranes. Local and antiseptic treatment and 
transference to less infective wards before leaving ai% 
likely to be more effective in preventing return cases 
than long detention. 

Sanatoria tnbercalous patients. —The 

general principles of construction, of institutloivi for 
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the treatment of pulmonary tuberculosis follow 
those of hospital provision. But certain points re¬ 
quire particular attention. 

Site.— The area of land required for the site 
will depend iipon the number of patients and the 
type of cases. The .site of a sanatoriuih should 
l)e sufficiently large to permit of open-air employ¬ 
ment of a considerable number of patients. It is de¬ 
sirable that a site of 50 acres should be provided for 
100 patients, but an area of not less than 20 acres 
may suffice for 100 ]iatients where suitable land is 
difficult to obtain or the cost of land is higk In all 
cases an area of at h^ast one-fifth of an acre should be 
allowed per patient. The site should Ire moderately 
elevated and preferably slope gradually to the south 
and be protected on the north and east by high 
ground, preferably wooded. In some districts pro¬ 
tection from westerly and south-westerly gales may 
be desirable. The subsoil should be dry. This must 
be secured if necessary by proper drainage, but a site 
requiring extensive drainage should, as a rule, be 
avoided. If house drainage into a public sower is 
impracticable, the site should be suitable for the 
provision of an adequate sewage-disposal system. • 
An abundant srrpply of pure water should be avail¬ 
able Lastly, the site should^ if possible, be within 
easy reach of a railway station, thus saving cost of 
carriage for construction and sulwequent maintenance 
of the institution. Further, it is undesirable that 
patients who are acutely ill should be unduly re¬ 
mote from their relatives. 

Buildings.—In residential institutions for the 
treatment of pulmonary tuberculosis the following 
provision will be required: (1) Patients’ sleeping 
accommodation; (2) kitchen, dining-hall, and offices; 
(3) staff block containing quarters for resident 
medical nffienr, matron, and staff; (4) outbuildings. 



878 HOSPITAIiS [ohap. 

Deluding laundry, boiler-house, disinfector, sputum 
destructor, mortuary, etc. 

The planning of the institution will depend on the stage 
of disease of the tuberculous patients proposed to be admitt^. 

Group A, €as€$ in which permanent improvemmt or re- 
eovet'y may netfolly be anticipated. 

Group B, Caset in which only temporary, though poeeibly 
pt'ohnged, improvement may he anticipated, in^uding 
patients who may be expected to recover consider¬ 
able ability to work, as a result of protracted treat¬ 
ment ; or admitted for a short term for educational 
treatment; or with advanced disease, many of whom 
improve greatly under institutiomd tr^tment. 

Group O.'Advanced cans requiring continuom medical care 
a^ nursing. 

Group B. Cases reguinug special observatioti (for diag¬ 
nosis, or determination of form of treatment). 

** Emergency ” cases, e.g. patients with hmmoptysis, etc., 
may come within any of the above groups. 

The term sanatorium is used to indicate an institution, 
mainly devoted to the reception of patients in Group A, the 
term hospital for patients m Groups B, C, and D, and the 
term comhiMd institution for patients in all four groups. 

The combined institution, in which there are separate rooms 
or ^vilions, is most suitable for areas with a population too 
■mdl to require the provkion of 100 beds for patients in 
Group A. A combined institution shouldcbe so situate as to 
secure fairly easy access qf relatives to patients acutely ill, 
while giving good local condition for patients in Group A. 

Boparate provision should be made for children, though 
they may be accommodated on the same site as adedts. 

The sleeping occomTnodation provided in resi¬ 
dential institations for the treatment of pulmonary 
tuberculosis is commonly of one or more of the 
following types, viz. (1) single-bedded rooms, (2) two- 
bedded rooms, (3) beds on both sides of a ward as 
in the ordinary isolation hospital, (4) shelters. 

Single rooms aye desirable for patients who n.- 
quii*e a considerable amount of nursing, whether in 
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Groups A, B, or C. These rooms should be sit:us4«d 
in the special nursing section. 

Shelters, single- or double-bedded, are suitable for 
patients in Groups A and B who are able to be up 
and about all slay. Single-bedded shelters may also 
be useful for doubtful cases sent for 'diagnosis 
(Group 1)), and for training patients with a view 
to the subsequent use of shelters at home. Owing 
to difSculties in supervision and administration it 
is undesirable to have a large proportion of the sleep¬ 
ing accommodation in shelters, and such provision 
should not exceed 10 per cent, of the total accom¬ 
modation. 

For a sanatorium about 20 per cent, of the 
sleeping accommodation for patients should be in the 
special nursing section; for a combined institution 
about 36 per cent, of the sleeping accommodation 
should be so placed. In a combined institution it 
is undesirable that any special pavilion or section 
should be used exclusively for patients with advanced 
disease. 

Types of buildings. —There are three chief types 
of sanatoria: 

(o) Pavilion system on ground floor (preferable). * 

(6) Ordinary hospital qystem (two or more 
storeys). 

(c) Combination of (a) and (i), 

General arrangements. Space for patuots • and heifht 
of woUt.—Hn) accommodation shoiud provide a floor-space of 
at least 6t sq. ft. for each patient; the distanoe between the 
centree of the heads of any two ^joining beds should not 
he less than 8 ft. Fatienta' rooms should not be leas than 
8ft. 6 in. high; wards should be higher, but may be carried 
patUy into the roof and ventilated by openings in the gable 
end. Doors should be made on the “ stable door ” pattern, so 
ihat in inclement weather the lower portion may be olowd 
while the upper portion is left open. They should be con- 
stmeted in the form of French casements with a clear Opening. 
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of not leas than 3 ft. 6 in., so that beds may easily be wheeled 
through them. Windows should preferably bo of the casement 
pattern and be hung “ to fold without mullions. 

Baths should be provided on a scale of ono to 12 patients. 
Spray baths may also be provided. There should bo at least 
one water-closet for every 12 patients. Hospital slop sinks 
should bo provided in the special nursing pavilion. Ample 
storage room is necessary for linen, clothes (drying, etc.), and 
lockers for boots and shoos. 

Kitchen and dinintj~haU accommodation .—The block contain¬ 
ing the patients’ dining-hall and the kitchen for patients and 
staff should preferably be a one-storey building, whi(;h should 
bo placed near to tho administrutivo block and to the rooms 
for patients requiring special nui’sing. 

The consulting-room, disponsary, and laboratory, which 
should be centfiilly situatoil, may also oonvoniontly bo included 
in this block. 

The staff block should be designed for econondcal service 
and administration. A sanatorium with 110 bods requires 
medical officer’s quarters, offices, matron’s quarters, dining¬ 
room for nurses, bedroom accommodation for the nurses and 
servants. Kach nurse should has'o a separate bedroom of an 
aroa of about 100 sq. ft. Usuidly ono nurse will be required 
for 12 patient;. Baths and water-clo;ets should be provided 
in tho proportion of not less than one to each 12 nursos or 
servants. 

Outbuildings .—The laundry should consist of receiving 
room and washhouse, drying-room, and ironing and delivery 
room. Mortuary accommodation may be provided in the same 
block. . 

Special provision should bo made for the sterilization of 
hputum and for the cleaning of sputum cups. Unless suit¬ 
able arrangements are available olsowhere, some form of dis¬ 
infector for clothing and bodding should be provided. 

Heating^ and lighting .—An ample and constant supply of 
hot water js desirable, and the system should be capable of 
easy extension. For general heating, a system of low-pressuM 
hot-water heating will be found most economical. Electric 
lighting should be employed where available. It may bo 
necessary to uso coal gas, acetylene, or petrol air gas ; those 
illuminants have been found to be fairly satisfactory for use 
in sanatoria if suitable fittings are provided and adequate pre* 
<»tttiona are taken eM?einst fire. 

Construction. —M^ere, owing to local circumstances, the 
use of brickwork would he economical, cheap bricks may often 
be employed, faced externally, if qpdbsary, with rough-cast 
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ur cemont. Walls in exposed positions should bo of hollow 
construction. In some districts other materials may be less 
expensive and may be employed, such as stool framing carry¬ 
ing terra-cotta slabs, or concrete slabs or blocks plaster^ 
internally and cemented externally, or timber framing lined 
internally with aabestic sheeting, or expanded motal lathing 
plastered with a hard-setting plaster, rough-cast' or coated 
externally with weather - boarding chemically treated. Tho 
roofs should be of simple construction, and may be covered 
with slates, tiles, or asbostic material. The floors of verandas 
should be of imi>ermeable m itorial. 

The Isolation HospitalN Act, 1893, gives to 
(Jouuty Councils limited power to secure the provision of 
isolation hospitals in their various counties. It applies 
to England and Wales generally, but not to London or 
to any county borough; other boroughs also are 
exempt, except by Order of the L.O.B., if the popu¬ 
lation be less than 10,000 (according to the latest 
census), or by consent of the corporation if tho popu¬ 
lation be 10,000 or more. 

A Jwsjiital district may consist of one or more 
local areas; a “local area” includes an urban or 
rural sanitary district, or any “contributory place,” 
and is constituted by Order of the County Council. 

Procedure. —The County Council may take the • 
initiative by directing their II.O.H. to report as to 
the hospital requirement of afty part of their county, 
and acting upon his report; but they may also be 
set in motion by a petition from any Local Authority, 
or from twenty-five ratepayers in any contributory 
place. The next step is for tho County Council to 
hold a local inquiry, after which they make an 
Order constituting the hospital district and defin¬ 
ing its extent. No local area can be included in a 
hospital district without the consent of its Local 
Authority, if it already has (in the judgment of the 
County Council) adequate accommodation; nor must a 
hospital district be formed for one local area only, or 
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for oiie or more local areas within the same rural 
sanitary district, without the consent of the 8.A., 
unless the County Council are satisfied that the 8 . A, 
are unable or unwilling to make suitable provision 
for the j^urpose. The Order constitvtes a hospital 
committee consisting of local representatives, but if a 
grant be made out of county funds the committee 
may consist wholly or in part of county councillors. 
The Order further gives the committee power to 
provide and maintain a hospital ; and apart from this 
they a^e authorized by the Act to make temporary 
arrangements for isolation, and to establish district 
hospitals in cottages or small buildings. They may 
also (subject to any regulations made by the County 
Council) undertake the training of nurses, and may 
charge for their attendance outside the hospital. 
Every hospital is to be provided with one or more 
ambulances, and must, if practicable, be “in con¬ 
nexion with the system of telegraphs.’’ 

The Couftty Council have the-power of inspecting 
any such hospital, and of raising money by loan for 
the purposes of the hospital. 

Expenses,— “ Structural ’’ (e.g. site, building, fur- 
' nishing, extensions, etc.) and “establishment” (e.g. 
maintenance of hospital, salaries, Stc.) expenses are 
borne by the several Wal rates of the constituent 
local areas, in proportions to be fixed by the Order. 
The costs of conveying, removing, feeding, medicines, 
disinfecting, and “ all other things required for patients 
individuallyi exclusive of structural and establishment 
expenses,” are termed jastiente’ expenses. For ordinary 
Uon-ppuper patients they are to be paid by the Local 
Authority out of the rates of the local area from 
which the patient came, but the Guardians are 
responmble if poor-law relief had been given at or 
wi^in a fortnighffof the time of admission. Patients 
desiring exceptional accomnio4atl!on are themselves 
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responsible for the cost of maintenance, etc., on such 
terms (“special patients’ expenses ’’) as the committee 
may appoint. 

The Isolation Hospital 4ct, 1901, provides 
that a S.A. hj<.ving possession of a hospital for the 
reception of the sick may, with the sanction of the 
transfer it to the County Council for 
appropriation to a district under the Isolation Hos¬ 
pitals Act, 1893, as an infectious diseases hospital, 
and the County Council may contribute to the expenses 
of such a hospital. Minor amendments and defini¬ 
tions are included in the Act. 
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DRAINAGE AND REMOVAL OF REFUSE 

Tiik waste matter from liouseholds comprises (1) liquid 
refuse, including water used for washing, and slop- 
water ; (2) ashes, and vegetabli! and animal refuse; 
and (3)' excreta. 

Drainage.is necessary for dealing with the first, and 
some system of dry removal for the second. The 
excreta may Iw disposed of in conjunction with the 
former (“water-carriage”), or with the latter (privy- 
middens, ash-closets), or independently (earth-closets, 
privies, or pail-closets without admixture of ashes). 
A water-carriage system in a dwellhig consists 
essentially of (a) sinks for the disposal of waste 
water, and the necessary drainage for carrying oS 
bath and lavatory water ; and (i) urinals and water- 
closets with their necessary drainage. There is, of 
course, also the necessity of carrying off rain water 
from the house, curtilage, and subSoiL Before deal¬ 
ing with these requirtments it will be well to con¬ 
sider drainage generally. 

Drainage,— A drain means any pipe used for 
the drainage of one building or premises. A sewer 
is a drain receiving the drainage of two or more 
premises. The former is vested in the owner, the 
latter in the S.A, 

Drains are intended to remove from the bouse 
the liquid and much of the solid tilth that is pro¬ 
duced within it, and they should be so oonstruoted 
that in no cirouftstances can their contents, liquid, 
solid, or gaseous, escape from them at any but 
284 • 
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the points specially provided for this purpose. This 
result is attained hy the choice of proper materials for 
their construction and by sound workmanship, by 
trapping all inlets so as to prevent the ogress of drain- 
gases, and, lastly, by efficient ventilation at suitable 
points. * * * 

A trap in its simplest form is a mere bend in 
a pipe which retains water and thus prevents air 
from passing through it. For this purpose it is only 
necessary that the bend shall be sufficieirt to place some 
[rortion of the upper surface of the pipe below the water 
level, the seal of the trap being 
the difference between the sur- . 
face of the water and the de¬ 
pression at this point. Thms, 
in the diagram (Fig. 28), the 
seal is the water between a ' 
and b. 

A water-seal alone will not 
always prevent the passage of 
gases and particulate matter 
through it. Gases in the drain 
can be absorbed by the trapping wUh^^Mtlwrew- 

water and given off from its pim for cie«Min|. 
upper surface. Ammoma lias 
been found to Isjcomo perceptible through an un¬ 
broken trap in fifteen minutes. Moreover, when the 
water remains stagnant, bubbles of putrefactive gases 
may be formed, and, by their bursting, particulate 
matter may Im discharged. Occasional changing of 
the trapping water is necessary, and the drain must 
l)e ventilate to prevent its air contents from becom¬ 
ing too foul, or subjected to so much pressure that 
the water-seal is forced. A trap to fulfil all these 
requirements must be self-cleansing and must main¬ 
tain an effectual seal between the drain and the outer 
air. For the former purpose it must be free from all 
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angles and corners that can retain filth; for the tatter 
it must have a water-seal not less than in. deep. 

The seal is liable to be broken by a number of 
circumstances. First, preiisnre within the drain may 
force its air contents through the tran. This can be 
prevented by ventilation of the drain. Secondly, if 
the momentum of the water discharge be great, the 
water in the trap may be driven out. This can be 
obviated by shaping the trap so that the water-holding 
portion is contracted, and the descending arm is larger 
and square at the outlet. Thirdly, if the descending 
arm is long and runs full, it may empty the trap by 
siphon action. This can be avoided by ventilating the 
top of the trap beyond the seal. Fourthly, the same 
result will sometimes follow when two or more pipes 
are connected together, the discharge from one sucking 
out the water from the trap of the other. This can 
be prevented in like manner. Lastly, the seal may 
disappear by evaporation, if the trap is little used. 

The dr^ln must be laid with a sufficient fall 
for the purpose of enabling it to clear itself of its 
solid and fluid contents, and it is generally accepted 
that this should be 1 in 40, giving a velocity of flow 
in a 4-in. drain of aViout 3 ft. per second.* Farther, 
in discharging into a sewer, the drain should be con¬ 
nected with the lower Lalf-diaraeter of the sewer. 

The drain should be constructed of glazed stone¬ 
ware pipes with cemented water-tight joints, or pre¬ 
ferably, if the drain be beneath a building, of iron 
pipes (of which the interior has been coated with 
Angus Smith's solution) jointed with lead. In all 
circumstances the drain should be laid on a bed of 
concrete, and if it be made of any other material 
than iron the whole drain should be embedded in 

* OnUsi ihoald be laid to straight lines as ^ at praetfeeble and at 
tvfio gradients. Tbejr s^oald be stnaeih, watertight, air-tight, and self* 
eleaDslBg. 7or a l-ia. pipe the gradient ihoold be 1 in 40; for a 0-In., 
lia^O^foraOdo., 1 la 100 ; and for a 12-io.,(^ in 150. 
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concrete. It is customary to use drains having a 
diameter of 6 in., but a 4-in. diameter is frequently 
sufficient for houses of moderate size. It should never 
be less than this. 

As a general I'ule, the drain should not be laid 
beneath a buil3ing, but in the case of terraee houses 
it is often impossible to adopt any other plan. In this 
situation the di-ain must be laid in a direct line 
beneath the building and be embedded and covered 
in concrete not less than 6 in. thick; the top of 
the drain at its highest point must be not less than a 
distance equal to the full diameter of the drain belov 
the surface of the ground under the building. Means 
of access should be provided outside the house. 

An important point in connexion with drain con¬ 
struction is the prevention of air from the sewer 
passing into the drain, or from the drain into the 
house. The former of these risks is guarded against 
by the insertion of a trap in the drain (interceptor) 
as near as possible to the point of its connexion with 
the sewer. Such an interceptor is usually pro¬ 
vided with a “ raking arm ” into the drain. The 
drain should be ventilated immediately on the 
house side of the trap, by a shaft carried up above the 
ground-level ; this will serve a double purpose, by ad¬ 
mitting fresh air into the drain^sand also affording a free 
outlet in case the trap is forced by pressure of sewer air. 
The opinion appears to be gaining ground that if 
drains Wei's properly laid in concrete, and if the ven¬ 
tilating pipe of every house drain (whether soil-pipe 
or not) acted as a ventilator to the sewer, the amount 
of foul air escaping would be so thoroughly and 
widely distributed as to create no nuisance; and 
that the interceptor may retain fecal matter and 
even cause stoppage of the drain, especially if the 
gradient be slight (Departmmtal Committee on Inter- 
ceptore,'\m). It should be added that, as a rule. 
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bye-laws require an interceptor, with access thei-eto, 
A more complete and necessarily a more costly ar¬ 
rangement is that of an inspection duimber at this 
point (Fig. 29); tlm drain is continued throtigh this 
chamber in earthenware channels, and the ai-m in 
the trap, which is intended to allow die drain to he 
cleared between the trap and the sewer, is extended 
into the chamber. Braneh drains are connected with 
the main channel by branch channels in the floor of 
the inspection chamber. 


OSOUNO COVER 



Fii. 29 .*—DiMonnection (inspection) chamber. 

A, “ raklng-arm." ttloaed by a cap. 

In connecting drains with one another, no riglit- 
angle joints must be formed,- either vertical or hori¬ 
zontal They must be made to join obliquely in the 
direction of the flow. 

The second risk, that of air from the drain entering 
the house, is guarded against (1) by ventilation of the 
drain; (2) by trapping all inlets to the drain, except 
those required for its ventilation ; (3) by trapping and 
diaconnecti'ttg all indoor drain inlete; (4) by proper 
jointings and e^cient plumbing (Fig. 30). 

The proper o ventilation of the drain is secured 
by continuing the soil-pipe ^in its full diameter 
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above the level of the roof. The 0 {>enings referred to 
must be covered with suitable gmtiugs to keep out 
loaves and dirt, and to prevent birds from building 
nests in them. The sectional area of the ventilating 
pipe should not be leas than that of the dmin which it 
ventilates.* * * 

Soil-pipes should be situated on the outer walls of 
the house, and their junction with the drain, often a 
weak point in construction, will then be outside the 
house. If through any accident the junction of the 



soil-pipe with the drain should be opened, the escape 
of gas will be into the open air. 

Whether the soil-pipe is tised for the purposes of 
ventilation or not, l^nds in its course should be 
avoided as far as jwssible. As a general rule, the 
diameter should be 4 in. Iron and lead are both 
used; lead is more expensive but more durable, and 
free from joints that may become loose. Rolled (ie. 

• The remtinmenis (t 5 n»dAo««*drflv»f’aretherefbre-^l)drai!i*plpee 
Of suitable jnatarial eud elze (4-0 in.), with smooth Internal surface, 
(2) adequate tail (1 In 40 to 1 in 60), (» connections or bmnclie^B never at 
right angles, (4) effectively trapped ana ventilated, and (6) with suffleient 
flush to cleanse. 

T 
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seamless) lead is necessary if the soil-pipe is inside 
the house. The old practice of trapping the foot of the 
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soil-pipe is inadmissible, 
since it prevents ventila¬ 
tion and impedes the es¬ 
cape of Sewage. When 
the soil-pipe receives the 
discharge from two or 
more closets at different 
levels, it is necessary to 
guard against siphonage 
of the lower traps. For 
this purpose an anti- 
nipluniaye pipe (2 in.) is 
fixed from the trap of 
the lowest closet to a 
point in the soil-pipe 
above the level of the 
highest closet (Fig. 31). 

It is now necessary 
to consider the three 
sets of drainage arrange¬ 
ments which must form 
part of any modem 
dwelling, viz. the rain¬ 
water system, the waste- 
water system, and the 
water-closet system. 

1. Rain-water sys¬ 
tem.— The protection of 
the house from rain¬ 
water is secured by a 
water-tight roof of im¬ 
pervious, smooth, hard, 
durable material, so 
jointed, fixed, and sloped 
as to allow water to 
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pass over its surface readily; gutterings and flashings 
leading to rain-water pipes discharging over open 
gullies; gullies and drain-pipes to carry water oB 
curtilage, with ample provision for storm overflow. 
Where rain-w^ter is collected from the roof for drink¬ 
ing purposes, care must be taken to secure* that the 
surface from which it is collected does not consist of 
zinc or lead, and the receptacle in which it is collected 
must be kept clean and covered. 


Dretinape of ihe tubtoil ol a house is not necessary in all cases, 
but when the site is damp some provision of the kind should be 
made. The drain laid for this purpose should be at the depth 
ot about ft., should consist of suitable earthenware pipes, 
not less than 2 in. in diameter, with the joints loft open, and 
laid to a proper outfall, preferably in the open air, hut if into a 
drain connected with the sewer the connection should never he 
direct. The subsoil drain should always discharge into a 
trap, and should be ventilated at or near the trap by a shaft 
or upright pipe carried above the surface. 


2. Waste-water system.— This system is arranged 
usually in conjunction with the rain-water system. 
The overflow of a cistern should simply be carried 
through an exter- 
nal wall to 
discharge in the 
open, so that no 
drain gases can 
enter the cistern, 
and waste of 
water from faulty 
apparatus is at 
once seen. But 
the foul -water 
wastes of sinks, 
lavatories, and baths must [be differently dealt with. 
Slop-sinks used for disposal of urine must be treated 
as water-closets, but all other wastes should be ma^ 
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to discharge over trapped gullies in the open air. 

diaconneciion renders it impossible for the air 
from the drain to enter the house. 

A suitable form of gully«trap is shown in Fig. 32. Here 
the wuste-pipo discharges through a side 
opening beneath tho grating, and above the 
water in the trap. The grating must be 
large, with a free opening kept constantly 
clear, or else the primary object of discon¬ 
nection is lost. More commonly the waste- 
pipe pours over tho grating, with more 
effective disconnection but some risk of 
splashing. Neither of these methods com¬ 
plies with the requirements of the Model 
Bye-laws that tho waste-pipe shall discharge 
over a channel loading to a trapped gully 
gmting at least 13 in. away. 

Waste-pipes should always bo trapped, 
and the trap situated as nesir as possible 
to the sink or bath. The interior of the 
pipe becomes coated with decomposing soap or fat, which is 
itself offensive; tho higher temperature of tho interior of the 
house loads t(f an offensive in-drauglft through an untiupped 
pipe, still more marked after tho pipe has been heated by 
discharge of hot water. 

A convenient tonu of trap is one shaped like an S (Fig. 
28), and (itted with a screw at its 
< lowest point, b^ the removal of 
which it is possible to cleanse the 
trap. Whero the momentrim of the 
water-discharge is groat, a useful 
moditication of the trap is that 
shown in Fig. 33, by whidi the un¬ 
sealing of the trap is prevented. 

From the trap the waste Fig. 34.*~Beii trap, 
should be carried as rapidly as 
possible through .the wall, and then de»%nd to the 
gully. When the waste-pipe is long, or when two or 
more waste-pipes are connected, ventilation of the 
trap is needed to prevent siphonage, and is effected by 
am air-pipe passing from the top of the trap, beyond 




Pig- 33. 

*' Anti-D ** trap. 
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the seal, to the open air. The common “ hell trap ” 
shown in Fig. •34 is open to more than one objec¬ 
tion : the depth of the seal is inadequate (about 
I in.); it readily hccoines choked 
with grease, being far from self¬ 
cleansing, and as a resullf the grat¬ 
ing is often removed to let the 
water pass away, and on each such 
occasion the Wi»ste-pipc is un¬ 
trapped. 

The D-trap shown in Fig. 42 is 
the worst of all, as it readily 
' becomes filthy, and always leads 
to the retention of a large amount 
of offensive matter. 

In large households the gully Into which the 
scullery sink-waste discharges is liable to become 
choked by sand and grease (solidifying on cooling). 
In such cases frequent cleansing is essential. A 
"grease-trap” (i.e. a gully so constructed that the 
outflow of liquid is not prevented by solid accumula- 
tion at the 



surface or bot¬ 
tom), such as 
is shown in 
Fig.36, is some¬ 
times adopted. 

Wastes 
from sinks and 
baths in upper 
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storeys are 

sometimes discharged into the head of a large pipe, 
which may or may not also receive rain water. 
Though disconnection is secured, the large pipe is 
liable to be fouled with soapsuds and grease. A 
better arrangement is to oafry the waste directly 
to the gully, due precautions being taken against 
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siphonage. A waste-pipe of in, diameter is suffi¬ 
cient even for baths, and if two or more be joined 
they may discharge into a somewhat lai^er pipe, a 
ventilating pipe being carried from the upper end 
of the common pipe to some convenient position above 
the level of the windows- 

The min-vmter pipe should not be used as a soil- 
pipe, or as a venti¬ 
lating pipe to the 
drain. Thorough 
ventilation of the 
drain is most needed 
at times of heavy 
rain, when the rain¬ 
water pipe is least 
able to act in this 
way ; and as the 
rain-pipe cannot be 
carried above the 
eaves of the^of, it 
often discharges its 
air contents too near 
to a window. For 
th| latter reason this 
pipe should not be connected with the drainage 
system, but should Ue made to discharge over a 
trapped gully or a channel leading thereto. It is 
well that a waste-pipe in frequent use should dis¬ 
charge into the same trap, thus avoiding risk of 
unsealing by evaporation in dry weather. 

In small houses the ordinary discharge of liquid 
is usually sufficient to scour the drain and make it 
self-cleansing, but where necessary this can be sup¬ 
plemented by a /huK-tank, periodically discharging its 
contents into the drain (Kg. S7). This is a cistern 
containing a large outer tube closed at the upper end 
and inverted over a small irlugr fube A B, thus form- 
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ing a siphon; A B is open at the top, and passes 
vertically down through the tank, to dip slightly 
under the surface of water in a chamber below 
the tank, tlie water in this lower part being kept 
at the requited level by means of a weir, practic¬ 
ally forming a D-trap. As the water risbs in the 
tank from the discharge into it of a tap or a drain, 
some of it eventually runs over the top of the tube 
A B, carrying with it air which is forced through the 
water at b, and cannot return; siphon action is 
started, and the whole contents of the tank are 
emptied into the drain. 

Twting of drains and soil-pipes can be most effectually done 
l>y means of (er) the water tost. For the purpose of testing the 
horizontal drain, a plug is insortod at that portion uf the drain 
which is near the intercepting trap intervening between the 
drain and the sewer; the drain is tb6n charge with water, 
care being taken to see that there is no leakage through or at 
the side of the plug, and the water is allowed to fill the drain 
to the top of one of the surface traps coonected with it. At the 
end of from half an hour to an hour the maintenance or subsl- 
dence of the water level in this trap will show whether thew 
is any leakage. In testing a large system of drainage it is 
necessary to take each section separately. In testing soil-pipes 
with water, the plug must be inserted at the bottom, and if 
several water-closets are connected with the same soil-pipe the * 
trap of each must be plugged. 

{b) Smoke pumped into the draiae previously plugged in the 
same way serves also as a useful test. The process must be 
continued until the smoke is seen iuuing from the soil-pipe or 
ventilating pipe, and if several of these are connected wita the 
same drauiage system it is necessary that each be plugged 
at the top as smoke issues from it until the whole system is 
charged, care being taken to prevent the smoke from being 
forcra through the traps; smoko in these circumstances, when 
there is leakage, soon finds its way into the interior of the 
house. 

(s) Feppermint was formerly used in the same way; 2 os. 
or more of the oil was either poured down a soil-pipe with 
a pailful of boiling water, or down, some hap situated outside 
the house connecQl with the soil-drain; the scent of the oil of 
peppermint found its way into the house in the event of de- 
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feclive pipes. Chemical “testers ” such as Kemp’s or Kingzett’s 
are now commonly used. These are composed of some strong¬ 
smelling chemical, e.g. calcium phosphide, which, when moist, 
evolves phosphoietted hydrogen, and when the tester is washed 
into the di'aiu over the trap the water souks the paper fastener, 



. Fii. 38.-V.lve clos,et. Fi|. 39,-Loni.hopper 

A. b&Biu : fluBliing-riin above ; r, trBpi>ed closet, 

overflow! 0, v.ive, ctnu-d .naoi'OD, o^j 
D. vftive-box; K a, «ife; f, inijt ven¬ 
tilated at (I. 



Fig. 41.—WMh-down or 
•hort.hopper closet. 


and the spring being Uberuted the contents escape. If the drain 
be defective the odour escapes into the house in about 6fteen 
minutes. 

3. The water.closet system consists of (a) water- 
closets and sIo}>olo3et8, (b) uryiats. These discharge 
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into the soil-pipe, to which reference has been made. 
The soil-pipe paises down the side of the house and 
becomes the house drain, which, after ventilation 
and trapping, is connected with the sewer. 

The surfaces of the water-closet must be non¬ 
absorbent, and in its shape and capacity the basin 
must be able to receive the water that is discharged 
into it, and to allow all matter it receives to fall 
directly into water without soiling the sides. There 
are five chief kinds of water-closet:— 

(a) The pan closet. 

(ft) The valve closet. 

(c) The hopper closet. 

(d) The “ flush " closet [wash¬ 

out or wash-down). 

(e) Trough closets. 

In both the valve closet (Eig. 38) 

and the wash-out patterns (Fig. 40) 
water is held in the basin inde¬ 
pendently of that in the trap below. 

In the one case it is held by a 
movable valve, in the other by a 
fixed dam, over which the contents 
are carried by the flush. This latter 
form is not wholly satisfactoi-y. In the plug closet 
the valve or dam is replaced*by a solid plug, which 
works vertically in a side-chamber similar to that 
shown in Fig. 38. 

Hopper closets are of two kinds: the basin of the 
old long hopper (Fig. 39) is from its shape and con¬ 
struction liable to become filthy, and it has in addi¬ 
tion usually an ineffective flush; the short hopper or 
wash-down (Fig. 41) is a “flush” closet and is free 
from objection. It possesses the advantage of a 
large water surface in consequence of the form 
of the trap being such as' to allow the water to 
stand high in the basin. In addition to this there 
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is a deep water-seal, and the cleansing of the trap is 
greatly facilitated. It is the most satisfactory form 
now in use. There is at present a wholesome ten¬ 
dency to dispense with all unnecessary woodwork 
and fittings, and to reduce the cl(»et (to its simplest 
form. '■ 

The old container clo8$t, or pan closet (Fig. 42), 
is especially objectionable, and is prohibited by the 
Model Bye-laws. The basin discharges into a large 
•receptacle, which becomes foul and, every time the 
valve is opened, allows polluted air to escape. 

The apparatus, of whatever kind, should be pro¬ 
vided with a flushing rim which directs the water 
over the whole surface, and maintains it in a state of 
cleanliness. It is essential that the flush should be of 
sufficient volume (not less than two gallons), delivered 
with sufficient force (and for this purpose the pipe 
must not be less than 1^ in. in diameter), and 
properly directed so as to wash the basin effectually. 
The ffush ‘must on no account be taken from a ser¬ 
vice pipe or a cistern that supplies water for house¬ 
hold purposes, but from a special cistern fitted with 
a water-waste preventer. Gases and even filth have 
« been found to make their way from the closet basin 
up the (usually empty^ delivery-pipe. 

It is unnecessary to discius at any length the traps used in 
connection with water-closets. The S-tt&p is here again found 
to be a useful form, but liable occasionally to become unsealed 
when the momentum of the water-disobarj'e is great; for this 
reason, therefore, the form of trap (E^g. 33) recommended 
in connexion with waste-pipes to obviate this difficulty is 
preferable. The D-trap is altogether inadmissible. 

Water-closet traps are liable to become unsealed in the 
same manner as those of waste-pipes, ^^erever two or 
more discharge into the same soil-pipe, ventilation of the traps 
is therefore necessary; the ventilating pipe from the tnp 
of the lowest Watjpr-cioset may receive the ventilatix^ pipe of 
each above, and m finally connected with the soil-pipe above 
the highest water-closet; but, w^ileHhis arrangement is per- 
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miaaible, it 18 frequently preferable to carry the antisiphonage 
or ventilating pipe independently above the roof. 

A closet or bath on an upper floor is usually provided with 
a mfi to receive any overflow or splashings. The waste-pipe 
from the safe may be treated in the same way as an overflow 
from a cistern, iee. simply, carried through an external wall, 
and made to discharge a tow inches from the brickwork. 



Pis* 43.—TrouSh cloteta (Djottoo). 

Elevation allowing position of tank for ranges of six and over. 


Trough chsela (Figs. 43 to 46) are sometimes 
adopted in schools or factories. A long trough filled 
with water passes beneath the seats of closets placed 
side by side. At stated intervals the trough is flushed, 
automatically or by an attendant, 
and the contents are carried away 
to the sewer through a trap at 
the outlet end. An automttic 
flush may be efiected by a tilt¬ 
ing receiver placed at the upper 
end of the trough, and so ar¬ 
ranged as to capsize and dis¬ 
charge its contents as soon as it 
becomes filled by a regulated Eiilhom^g'^itton 
stream ox water ; or still better of tank for ranges of three 
by a flush-tank fed by a stream 
of water and discharging itself into the trough by 
siphon action as soon as ^t becomes full. In either 
case the frequency of the flush can be regulated by 





Figt HSjr-Cast-iron enclosures for trough closets and urinals (Doulton)> 






II] 


WASTE-WATER CLOSETS 


301 


to avoid the expense of a separate water supply. 
The drainage from a row of houses is conducted to 
a flush tank placed at the end of the row farthest 
from the sewer. From the tank a large pipe drain 
passes to the ^ewer, and separate closets ai'o placed 
upon its course, the excreta simply falling through 
large vertical drain-pipes into the drain lielow, and 
remaining there until the next flush sweeps them 
away into the sewer. The drain ha.s a siphon trap 
after passing the lowest closet, and a manhole or 
access chamber at the same point for use in the event 
of obstruction. 

In like maimer the waste-water of single houses 
has been utilized for flushing single outdoor closets. 
B’or closets of this type, which are known as »lop- 
closets, the household waste-water, supplemented if 
necessary by the rainfall, is collected in a “ revolver " 
or “ tumbler,” an earthenware vessel working on 
pivots, and so constructed as to overbalance when 
full, discharging its contents forcibly along the 
drain, and then swinging back to its former posi¬ 
tion. On the drain, beyond the tumbler, is a large 
siphon trap, and the closet consists of a wide ver¬ 
tical shaft over this, so that the excreta fall into, 
the water of the trap and are carried away by the 
next flush. • 

The use of waste-water for flushing is attended 
with practical difficulties from the over-concentration 
of sewage, and the liability of automatic appliances 
to get out of order. 

Intermediate between the water-carriage and dir lystemi 
come certain Continental and other methods which may be 
described briefly. The fom permmunte is a largo water tight 
underground pit, to which pipes from the closets conduct the 
excreta; the pit is emptied at long intervals by suotion 
through hose into an air-tight cig;t. The/ossr viobite is a closed 
movable tub placed outside the house, and connected with 
a fixed pipe that communicates with all the closets, etc, in the 
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hoQse; the tub is simply removed and replaced, by another 
when full. In Liemur'i tfttm a number of closets are con* 
nected by meiins of iron pipes with an atr*tight tank, which is 
at interval exhausted of air, so that the excreta are drawn 
into it. 

Dry systems of excreta removal, otherwise known 
as “ conservancy systems,” include privies, paif^closets 
(with or without ashes), ash-closets, and dry earth- 
closets. In some localities privies are called earth* 
closets, but this use of the term is misleading. 

The privy and ashpit, or midden system, which 
is still entployed in certain towns, and in most 
rural districts, aims at the deodorization and drying 
of the excreta by admixture with ashes. The best 
construction is that of a small water-tight pit, not 
drained but roofed over to exclude rain, and so 
arranged that the excreta and ashes become thoroughly 
mixed. For this pui’pose either the ashes must he 
thrown in through the closet seat, which may bo 
binged so as to be lifted en masse, ov else a “shoot’ 
or sloping slab must conduct one or the other to a 
common point. The floor should be smooth, and 
raised a few inches above the level of the adjoining 
gi'ound. Very few middens fulfil these conditions, 
however. ' 

The contents ough^ to be removed at fixed short 
intervals by the S.A.y and the work should be 
done at night or early in the morning so as to mini* 
mize the nuisance. Unfortunately it is still common 
to leave the emptying of ashpits to contractors, 
or even to the owners and occupiers, and the interval 
is frequently several months, instead of a week as 
prescribed by the Model Bye-laws. Privies alone, 
without admixture of ashes or other deodorants, are 
also met with. The receptacle should be small, and 
its contents frequently removed, but at best the system 
U more ofiensive than wheij ashes or earth are ^ded. 
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Pail- or tvMosek ate simply mimatnre privies, 
in which the pit is tepresented by a movable pail 
placed beneath the closet seat. The full pails are 
removed, and replaced by clean empty ones, at regu¬ 
lar intervals not exceeding a week. Close-fitting 
covers should Uh used during removal of the full pails. 
There are several modifications of this system. On 
the “ Rochdale system ” the pails contain excreta 
alone, while in some towns the ashes and other dry 
household refuse are added; or the ashes are thrown 
upon a sifter, and only the fine ash falls into the pails; 
or the Ooux system is used, the cleansed pails being 
lined with a dry, absorbent packing of compressed 
peat or like substance. 

In Morell’s cinder-sifting asMonet the ashes are 
thrown in by a separate opening, and by a simple 
automatic arrangemnnt are sifted, so that only the fine 
ash falls upon the excreta, the cinders finding their 
way to a separate chamber for further use as fuel. 
The receptacle is permanent, and in this resjject 
resembles a privy rather than a pail-closet, but it is 
small and so arranged as to be readily emptied by a 
special opening. Taylor’s closet is somewhat similar 
in principle, but the urino is collected separately. 

Dry earth closeU have a small receptacle, fixed or 
movable, beneath the closet qpat. Clean, dry earth 
(about II Ib.) is thrown u]>on the excreta, either by 
hand or Dy automatic delivery from a hopper, every 
time the closet is used. A constant supply of fine 
dry earth is needed, ordinary mould being the best, 
owing 'to its richness in nitrifying, organisms. The 
contents may be subsequently mixed with dry mould 
in a drying-shed. Sand is less efficacious, (for 
method of working see also p. 22G, footnote.) 

Destination.— Wateivcarried excreta pass into 
the ordinary sewers, and their ultimate disposal will 
be conaiderM in another section (p. 317). 



304 


REMOVAL OP REFUSE 


[chap 

Pails arc emptied and cleansed at a central depdt, 
and are then ready for farther use. Their contents 
are sent into rnial distiicts as manure, either in the 
crude state or aft(^r convemon into “ poudrette” by 
drying and other treatmemt. For the manufacture 
of poudnette the excreta (free from ashes) are heated 
in revolving cylinders, so ats to drive off tlie moisture. 
Sulphuric acid is often added to fix the ammonia. 

Oontonts of ashpits are commonly sent away at 
once into the country. TJie refuse of ash-closete or 
patl-closets is also available as manure. 

The earth from earth-closets can be dried and used 
again aiid again, and finally restored to tlie garden or 
field. The organic matter disappears by nitrification. 

Comparative advantages of water-carriage and 
dry systems. 1. Ili/pemc. —Water-cuniago is by ganeral 
consent the most i<Htisfactoi'y in houses of tho better class, 
where cleanliness and freedom from effluvia arc tho main con- 
eidorations, and due care in use can bo relied upon. The excreta 
are at once carried right away frpm the premises. Water-closets 
may safely be constructed within tho house, a maltor of great 
convenience. The objection that tho sowers receive the 
•pocific poison of enteric and other fevers may bo met by the 
use of disinfectants, and has not yot l>een proved to be 
weighty. It has boon urged that indoor water-closots afford 
faciuties for the entrance of sewei^nir, especially in the case of 
obstruction of the sewers by fioods or other causes. Indeed, it 
has been observed in more than one euteric outbreak that the 
iumates of large water-closet houses upon high ground suffered 
more than the poorer inhabitants of lower districts with 
outdoor closots. This danger, however, can scarcely occur 
unless there is grave defect in construction or management, 
and it extends equally to indoor sinks. As applied to poorer 
dwellings water-closets often fail. Owing to caiolessness or 
misuse, tho mechanism becomes deranged, or flushing is 
neglected, and the drains become choked by bulky objects 
improperly Introduced into them. Automatic flush closets, 
trough cit^ets, and even slop-closets, if kept under supervision, 
are to a great extent free from this objection, since they arc 
not liable tS become deranged by carelessness on the r»rt of 
those using them. Water clojjpts of ordinaiy construetton are 
made serviceable, even i% houses of the‘poorest dass, by 
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carolul Biiporvieion on the part of tho S.A. Neglect of hand 
flashing may be met by automatic mechaniam connected with 
the door or the seat. The water supply of outdoor closets is 
liable to be stopped by frosty but this rarely happens if the 
cistern and pipes are properly cased. 

J:*riTi6S and ashpits are being abandoned in most towns, 
although still almost inevitable in country distrtots where 
there is neither efficient drainage nor organized scavenging. 
The retention of large quantities of excreta and other organic 
matter near dwellings is in itself objectionable, and the 
nuisance becomes great at the time of clearing out. It is 
probable that such an arrangement favours the spread of 
disi^ases that have relation to fllth, and especially those in 
which the poison is contained in the excreta. The case 
becomes worse when, as almost invariably happens, the pit 
leaks and allows its contents to polluto the soil and ^e 
subsoil water. In IDUS tho incidence of enteric fever in 
Nottingham (a pail-closet town) was—one rase in 38 houses 
having midden privies, one case in 186 pail-closet houses, and 
one case in 722 houses having water-closets. 

Pail-closets have the advantage of extreme simplicity, and 
cannot be deranged by carelessness or anything short of wilful 
destruction. Although not removed instantly, as in water- 
closets, the excreta remain near the dwelling for a few days 
only, instead of putrefying for weeks or months os in middens. 
The weekly or 8emi-wet)kly visits of the scavengers ensure a 
certain de^ee of cleanliness, apart from the mere substitution 
of cleansed pails. It is claimeu that in the event of such dis¬ 
eases as enteric fever occurring, tho pails and ikeir contents can 
be disinfected; unfortunately not all the infective matter is 
thrown into tho closet, and at best its disinfection in any true 
sense would be difficult; but it is ^uite possible to adopt the 
simple precaution of supplying specially marked pHils to in¬ 
fect households, and cremating the contents of such pails 
when collected. Pail-closets that receive excreta only are in¬ 
evitably offensive, however frequently changed. Ike addition 
of ashes lessens the effluvia, and the average amount of ash 
produced by an artisan household is found to be sufficient £(»: 
the purpose. 

Dry earth-closets are convenient and free from effluvia. 
The d\fflculty of ensuring a oonstant supply of suitable dry 
«rth, and of removing the products, has nitherto prevented 
their adoption in towns. In rural districts, where these 
diflUculties do not exist, they efler great advantages, but can 
only succeed when used with care and kept under supervision 
{See p. 226.) 

V 
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2. Econwnie. —Water-carriage involves some (lost, either to 
the individual or to the public, in the extin cunBumption of 
water, ulthough this objection docs not apply to those systems 
in which the fljishing is (;fleetod by the household waste-water. 
Drains and sewers have to bo provided in any case, so their 
cost cannot be charged to the account of wator-carriago systems. 
The increwsod volume of sewage in water-closet towns or dis¬ 
tricts is far leas material than is generally ^issumed, and forms 
at most only a small fraction of Ibe enonnous volume derived 
from rainfall, soil drainage, household wasto-wator, trade 
efllucnts, and other sources. It has been found that the 
addition of water-closet sewage scarcely alters the chemical 
composition of tho average sewage of a tow-n. Hence the 
neces.sity of troJiling the sewjigo hy irrigation or other means 
is quite independent of tho admission of water-home excreta 
to the sewers. 

Water-carnage obviates some part of tho expense of the 
scavenging required by the pail-closet sy.stem, but there must 
still bo a costly organization for collecting the dry household 
refuse, which, without the addition of excreta, is an unsaleable 
commodity, and further expense is tberoforc incurred in dis¬ 
posing of it after collection. 

A similar objection is often urged from the theoretical side, 
namely, that the enormous dilution of excreta by water renders 
it difficult or impo»'Sible to recover them again for manurial 
pux’poses, and hence the soil is steadily impoverished by de¬ 
priving it of w'hat should naturally bo loturned to it in 
exchange for tho crops that it yields. Yivian Poore’s dictum 
was that tho proper destiny of organic refuse is immediate 
burial just below tho suiface of soil, and on this prin¬ 
ciple he objected to water-carriage. This argument has some 
weight as taring upon still common practice of pouring 
the sewago of towns into rivei's or into tho sea. 

From tho purely financial point of view it is to bo said that 
the objectionable midden system probably costs less than any 
other. 

The pail svstc-m involves a heavy initial outlay in buildings 
and plant, and an expensive staff to manage it efficiently. On 
the other hand, some part of the expense is recouped by tho 
sale of manure, and a scavenging staff must in any circum¬ 
stances be maintained for tlie removal of dry ro^se. The 
market value of the excreta is greater if unmixed with ashes, 
but it is questionable if the gain is sufficient to compensate for 
the cost of a separate collection of dry refuse, which, as already 
explained, is unsaleable. The dry systems ensure the return 
of most of the solid excreta toi^he soil, but a great part of the 



Kl DISPOSAL OF REFUSE 307 

liquid exciutn, which are more important as fertilizers, goes 
with the household drainage in any case. 

lleviowing the whole question, the privy system must he 
regarded as contrary to sound principles of hygiene wherever 
facilities exist for any other .arrangement. Water-closets are 
most suitable in t^wn, and water-closets or earth-closets in the 
country. « 

Kismovai «l aslicsa —WItere water-closets, or 
pail-closets for excreta alone, are in use, the ashes and 
kitchen refuse have to he removed separately. Small 
covered tubs or ho.xcs (prttferahly of metal) should 
be placed in a yard or outhouse, and emptied at 
short and regular intervals by the scavengers. B're- 
iptently, however, large “bins” or iixtul “ashpits” 
are employed, the contents of which are allowed to 
accumulate for long periods. 

Household refuse ought to consist of little more 
than ashes, the animal and vegetable refuse from the 
kitchen being easily burnt. 

Trade reriise, from slaughter-houses, markets, 
Hsh .and fruit shops, and many other sources, requires 
prompt removal. This duty is often left to the 
proprietors, who make private aiTangcraents with 
fai-mers, etc., to remove the refuse for use as manure, 
•r convey it at thiur own co.st to some suitable place. ' 
11 is difficult to ensure proper^system and regularity 
unless the S.A. itself undertakes the task, and the 
same difficulty may occur in urban districts in regard 
to manure from stables and cowsheds. Under the 
Public Health (London) Act, h691, s. 36®, the local 
authority may by formal resolution prescribe frequent 
removal. 

Road sweepings and the contents of street gullies 
have also to be dealt with. 

Destructors.— Any kind of refuse which contains 
organic matter, but which cannot be at once disposed 
of as manure, should be burnt. The refuse is thrown 
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in at the top of a furnace, and becomes dry as it sinks 
down; all oi^nic matter is burnt off, and at inter- 
vals the mineral matter, or “ clinker ” (forming about 
30 per cent, of the refuse burnt), is raked out below, 
to be used for road-making, filling up hollows, etc. 
In the best modern destructors the clinker is with¬ 
drawn in large slabs and freely slaked with water to 
prevent flaming when tipped. Silica and ferric oxide 
are the chief constituents of clinker, which is now 
much used for bacteria beds, mortar-making, etc. 
After the furnace is started, the organic matter in 
the refuse is usually sufficient to maintain the fire 
without the-addition of other fuel. 

Numerous forms of destructor are now in use. 
They consist of furnaces of a varying number of cells 
and are charged in different ways (“shovel fed,” 
“top fed,” mechanical charging, etc.). These fur¬ 
naces are not infrequently multitubulai', or fitted 
with Babcock <t Wilcox boilers, and the necessary 
draught is obtained naturally or-by means of fans or 
steam blowers. They may be divided into two chief 
groups, the “single-cell system” (e.g. Horsfall’s, 
Fryer’s, Warner’s, Baker’s) and the double-cell or 
'continuous grate system (e.g. Meldrum’s, Heenan’s, 
Sterling’s); there are, of course,” various modifica¬ 
tions. By the single-Jell system is meant a destruc¬ 
tor with a boiler between every two cells, so that 
there is no intermingling of the gases from two or 
more cells. It is desirable to have complete com¬ 
bustion in the cell itself, but if necessary the fumes 
can be passed through a second furnace. 

Sewers are the drains of a community of 
houses. They may be required to convey— 

(i.) Houtehold effiuenta, including waste-water 
from Whs, lavatories, sinks, and all liquid refuse and 
urine. Where tihere are water-closets, the volume of 
sewage is somewhat increased, 4iut its compositioo . 
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is little altered. Latiines, etc., attached to works, 
schools, or public resorts may be included under this 
head. 

(il) Trade effluents of all degrees of impurity, from 
the comparati^ly pure water from condensers to the 
foul effluents from dyeworks. * 

(iii.) Water used for jmblic purposeSf e.g. watering 
streets, fountains, public uiinals, baths, etc. 

(iv.) Rainfall^ of which the first portions (especially 
road-washings) are extremely impure. 

(v.) i^vhsoil water, and even small natural streams. 

l^lodern sewers, like house drains, are impervious tubes, 
oval or round in section. Their size varies according to re¬ 
quirements, say from 9 in. to 12 ft. in diameter. 11 the dia¬ 
meter is not greater tlian I ^ or 2 ft., glazed earthenware pi]^ 
set in cement are usually employed, laid in the manner de¬ 
scribed in speaking of house drains. Sewers of larger diameter 
than 18 in. are generally constructed of brick set in cement 
upon a bed of concrete, and are oval or ovate in section, so as 
to secure a better scour and less friction when little sewage is 
passing than if the section were circular. Sewers should be 
laid as far as possible in straight lines, with means of inspec¬ 
tion and access at overy change of direction. All junchons 
should be obliquely in the direction of flow, and the tributary 
sewer or drain should have a fall into the sewer at least equal 
to the difference in their respective diameters. It is derirahle« 
that the rate of flow should be not less than 2 ft. per second, 
and 3 ft. is better. Hence the minimum gradient shoold 
range from 1 in 260 to 1 in 760, according to tho sizt of the 
sower. The gradient should preferably be uniform, except at 
angles and junctions, where it is desirable to allow extra fall 

Manholes should be provided at short distances, and at all 
important angles, junctions, and changes of nadiont, to allow 
of access for inspection and flushing. Flush-tsnks may with 
advBjitago be placed at the head of each sewer. Flushing ii 
chiefly required in sewers with insufficient gradient, at **dead 
ends,” and in hot dry seasons, when the flow is smallest uid 
decomp<mtion most rapid. It may be effected more or less 
automatically by means of flush-tanks, or by temporarilv 
damming hack the stream and then tdlowing it to escape with 
a rush, or by suddenly dischargin/a large volume of water into 
the sewer through a manhole. Utile benefit is likely to residt 
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from the perfunctory “flushing ” of sewers that is commonly 
practised, consisting as it docs of simply pouring a small and 
inadequate volume of waiur into the sower through a hoso, at 
intervals of several weeks. There is little to bo gained by the 
addition of “ disinfectants ” to th«; water used for Hushing. 

Tlie air of sewers (“sewer giw”) has uo coustaut 
composition, and, if the sewer be properly constructed, 
well ventilated, and sufficiently flusluid, may differ 
but little from outside air. Much depends upon the 
sewage being removed quickly, or, on the other 
hand, being allowed to stagnate and undergo decom¬ 
position. In the latter case the air of the sewer 
becomes foul; oxygen is lessened, cai’bonic acid 
increased, and there is much organic matter, together 
with variable quantities of marsh gas, sulphuretted 
Iiydi*ogeii, and ammonium sulphide. The exact com¬ 
position of the organic matter varies, but its proper¬ 
ties are similar to tho.se of tiie organic mattc^r in 
respired air. Micro-oi‘ganisms adhere to moist sur¬ 
faces, and lienee the air of woll-eonstructed sewers is, 
on the whole, remarkably fi'ee from them, except near 
fresh-air inlets and at junctions, whei'e splashing 
occurs. Neither bacteria nor other solid particulate 
‘ matters are, under orilinary circumstances, given off 
from quiescent liquid surfaces; l?iit if fiecal putre¬ 
faction occur the burlting of bubbles may recharge 
the air with them. Haldane found in the air 
of a well-constructed but unventilated sewer in 
Bristol 20 volumes of carbonic acid per 10,000, but 
only 2 micro-organisms per litre, half of which were 
moulds; and Lawes and Andrewes demonstrated 
that the air of well-constructed London sewers con¬ 
tained fewer bacteria than the air of the street above, 
and the species found were mostly not of sewage 
origin. It thus becomes piobable that sewer gas 
can rarely, if evei^ convey pathogenic organisms. Re¬ 
cent inveitigations by Aiidrewesand Horrocks have, 
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however, shown that iio definite or final statement 
can he made on this point. 

Air contaminated hy sewage enianationa may 
occasionally be a cause of diarrhma and other gastro¬ 
intestinal distnj’bances, and of certain forms of sore 
throat. Anaemia, depression, and general •ill-health 
may result from protracted exposure to such an 
atmosphere. Cholera, enteric fever, pneumonia, ery¬ 
sipelas, puer|)eral fever, and diphtheria have a much 
heavier incidence, both in numbers and severity, upon 
persons exposed to these conditions. It is not ncces- 
.sary to assume an origin df, novo in such cases, or 
even in the case of diarrhma and sore throat, the 
evidence being consistent with the supposition either 
that the specific poison is sometimes carried by such 
emanations, or that their effect is merely to predis¬ 
pose to the disease. There is no evidence of any 
specific relation between sewin' gas and smallpox, 
measles, or whooping-cough. 

Men working in well-ventilated sewers are not 
found to suffer any ill effects, but if ventilation is 
wanting they are liable to ophthalmia and to sym^opal 
or apoplectic attacks. It is said that venereal disease 
is greatly aggravated by this employment. Meat, milk,, 
and other food substances readily decompose if exposed 
to sewage emanation. • 

Ventilation of sewers.—Foul gases ax-e given off 
by sewers, more especially if, from insufficient gradi¬ 
ent or obstructed outfall, they become stagnant ox 
“ sowers of deposit.” Hence it is xxecessary to provide 
means of vent or ventilation in ox-der to avoid the 
risk of the pent-up gases forcing their way ixxto houses 
through traps.* For this purpose openiixgs are pro¬ 
vided at intervals, which should not exceed 100 yards. 
Some of tl^ose openings act as inlets, others as outlets, 

* In Bristol ttie sewors sm not ventilated. The himso'dnins are, how 
ersr, provided with interceptors, and all street gullies are tiapped. ■ 
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»uid the latter only, of course, are liable to be offensive. 
The conditions that determine the direction of the 
currents of air are complex, including force and 
direction of wind, internal and external temperature, 
volume and velocity of sewage, etc., so ,that the result 
cannot bo predicted, and is not even constant in the 
same sewer. Speaking generally, the tendency is tor 
the air current to pass in the reverse direction to the 
sewage—that is, from a lower to a higher level—so 
that the highest openings are most liable to be out¬ 
lets, and the lowest to be inlets. Kevertheless, every 
opening may at different times act both parts. 

The pl^ usually adopted is to provide grated 
openings in the roadway, leading directly to the sewer 
beneath, a cage being suspended immediately beneath 
the opening, to catch any solid ddbris that may fall 
through. It was formerly customary to place trays of 
charcoal in the openings in order to deodorize the sewer 
gases, but the charcoal obstructed the opting and soon 
became inert. To obviate annoyance from effluvia at 
outlets, ventilating shafts (in substitution for these 
openings) are often attached to houses or even to trees; 
these shafts should be, but rarely are, of suffloient 
calibre efficiently to ventilate the sewer. Sometimes 
factory chimneys are utilized fors this purpose by 
carrying the vent ints. the stokehole or chimney. 
Another device (Keeling’s) is to ventilate the sewers 
through hollow lamp-posts with gas jets inside serving 
to create a strong upward current and (it is clainied) 
to destroy all effluvia. 

If carried out on a large scale these special arrange¬ 
ments are costly. It is contended by the advocates 
of simple openings at the street level that the true 
remedy for offensive outlets lies in proper construction 
and flushing of sewers, and increasing the number of 
openings—that is„m approximating to the condition 
of an open sewer. Some anthoriSiAa mlv . unAn VAnZi. 



ix] CAPACITY OP SEWERS 513 

lating the sewer by means of the vents of each house* 
drain connected (see p. 287). 

Rain and subsoil water.—If tlie sewers are water¬ 
tight, as they should be, the subsoil water cannot 
gain access to^them, and separate provision must be 
made for draining the soil, although a certain quan¬ 
tity of water flows away along the compamtively easy 
track outside the sewer. Sometimes provision is 
made for this by le<iviug a space beneath the sewer 
for the ground-water to pass along. 

It is becoming customary to exclude also the rain¬ 
fall from the sewers, and thus avoid dilution of the 
sewage and sudden changes in volume, which add to 
the difliculty of treating it by precipitation or 
filtration. The first washings of the streets are very 
foul, and should be admitted to the sewers. When 
the 8e|)aratre system is adopted, the rain-water 
is taken away by another system of drains, which 
may with advant^e be permeable, and so available 
for draining the subsoil. 

Capacity of sewers.—In towns only a comparatively 
Btnali surface of ground is pervious, and almost all the 
rainfall rapidly makes its way to the sewers. Henco ia 
planning the size and gradients of sewers it is necessary to 
provide for tho immediate removal of the maximum hourly* 
rainfall, siiy, 1 inch per hour plus the maximum volume of 
sewage from other sources. • 

Parkes gives the foUowii^ formula for calculating the lia- 
charge from a sewer :— 

V = 66 A X y2bT, 

V being the ducharge in cubic foot per minuto, 

A, the section area of the current, 

Ff the fall, in feet per mile, 

D, tho hpdraulio tnean depths in feet. This is ^ of the diameter 
of the pipe, if running full or half-full; in all oases it is 
equal to tho section area of the current divided by the 
“wetted perimeter”— that^is,by the length of the are 
formed hy that part of the^'se^on of tho oireumference 
which is m cont^ with the stream. 
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When a Hufficient fall cannot be obtained, Shone's -ptwimatie 
$ynUm offerti great advantages. The sewage is conducted to 
one or many central collecting tanks by gravitation through 
drains and sewers of ordinary construction, and is forced 
through pipes, loading from the tanks to the outfaU, by means 
of compressed air. llius difficulties arising, from inequalities 
or from low level of districts to be drained can be overcome. 

Composition of watfe* —This varies from day 
to day, and from hour to hour, since botli solids and 
diluting water are incon.staiit in amount, 'rhere are 
variations according to season and weatlioi’, and trade 
ettiuents may he important factors. The admission or 
exclusion of rain-water makes a very great lUffeixmce, 
b\it the presence or absence of water-carriage of 
excreta jIocs not seem to affect the composition of 
sewage very materially. Broadly, it may be said that 
sewage consists of {a) domestic excreta and waste- 
water, (b) factory discliarges and trade effluents, 
and (c) municipal waste-water from stables, streets, 
etc. The Royal Commission on Sewage Disposal 
(1908-12) £ouud tlie average composition of sewage 
to be somewhat as follows:— 


l‘ARIi3 1>KH 100,000. 


CoiMtltiient parts. 

Very strong 
sewage. 

Avemge. 

Weak. 

Ammoiiiacal ultrogeii 

13-41 

:i-58 

2-40 

Albutulnotd nitrogen. 

i-r.*) 

0-01 

0-80 

Total organic nitrc^eii 

8-87 

2-25 

1-89 

Total nitro$;eu . 

17-63 

5-86 

3-80 

Oxyj|{ei> ab^rbfxl at 27^’ C. 
iu four houra . 


11-27 

6-68 

Chlorine .... 

\sr,7 

0-16 

■ 6-68 

^Uds in auspenalou . 

42-10 

20-40 

26-70 


From other sources it appears that the phosphoric 
acid amounts to about 2!) and the potash about 16 
parts per million. These proportions are, of course, 
liable to very wide variation. 

It is calculates that in an ordinary population 





IX] BACTERIA IN SEWAGE 316 

2| oz. of solid excreta and 40 oz. of urine, together 
containing 150 gr. of nitrogen,* are yielded per 
person pec day, taking an average of all ages. 
Tins corresponds to about 10 lb. of ammonia per 
annum, and a„ tlieon^tical manuriid value of 6s. 8d., 
to which the constituents of the urine eontribute 
six-seveuth,s, and the fmces one-seventh only. The 
manurial value of .scwagt; is deiicudcnt upon the 
combined nitrogen, potash, and phosphoric acid. The 
annual amount of sewage per head of population may 
be taken as 100 tons, the tlieoretical money value as 
manure being about 17s., to which the dissolved 
matters contribute ISs., and tlio suspended matters 
only 2s. Sewage also contains variable quantities of 
household waste, rain and storm water, grit, gravel, 
sand, .and, in some localities, manufacturing waste 
products. 

Bactcriii in sewage are chiedy denitrifying and 
decomposition organisms (p. 175). Houston found in 
fjondon crude sewage at the Barking outfall an average 
of nearly 4,000,000 micro-organisms per c.c., and in 
one sample of domestic crude sewage 28,000,000. All 
kinds of species are present (bacilli preponderating) 
and theie are many spores. The most common are 
B, coli (600,000 per c.c.), the Proteus family repre-* 
seated by the “sewage protwus" (100,000 per c-c.)) 
B. enieritidia aporogenes, sewage streptococci, r.nd 
liquefying liaoilli. Pathogenic organisms also occur, 
but, owing to the struggle for existence, rapidly dis- 
ap^ar. All the organisms required for bacterial 
assimilation are present in the sewage itself. The 
artificial bacterial treatment of sewage is an applica¬ 
tion of the principles of nitrification as stated by 
Schloesing and Miintz. 

Disposal of sewage. —In rural districts the 

* This ia Parkea's eatiioaU. Prauklaud’a aatiuato, for adalt malva, U 
f&0to800gr. 
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household and other liquid refuse, if not turned into 
a ditch or waterooui'se, is usually conducted to a 
cesspool or collecting tank, from which it is periodi¬ 
cally removed and used as manure. The former plan 
is bad in eveiy respect. The latter is i>ermissible 
if the cesspool is made water-tight and properly 
covered and ventilated, regulaily emptied at suit¬ 
able intervals, and situated at a sufficient distance 
from any house, road, or water supply. The anno¬ 
tated Model Bye-laws require a minimum distance 
of 60 ft. from any dwelling, and 80 ft. from any 
wates supply. Sometimes the sewage is led to a 
pit, or “ dumb-well,” in porous soil, the solids being 
removed at'intervals and the liquids escaping into the 
ground. This piactice is dangerous if the pit is near' 
to dwellings or water supplies, and is not free 
from risk of polluting water in any case. Simple 
irrigation is free from objection if well managed, 
even on the small scale. “Subsoil irrigation” may 
work well when the conditions as to soil and fall are 
suitable; the drainage is conveyed into a branching 
system of loosely laid agricultural pipes, which allow 
it to escape into the subsoil. The pipes are laid about 
a foot or more beneath the surface. It is often 
necessary to relay them at intervale, owing to deposit 
'of grease and other obstructive matter, but this may 
to some extent be prevented by the use of flush-tanks 
and grease-traps at the house-end of the drain. 

The chief point is to exjiose the sewage to the 
influence of growing vegetation, not so much for the 
sake of utilizing it as of rendering it innocuous. 
Sewage applied to the surface is partly kbsorbed by 
vegetation, partly oxidized (nitrified) in the superficiu 
layers of earth. The sewage passed into leaking 
oosspools or dumb-wells escapes both forms of purifi¬ 
cation, and simgiy pollutes the soil and the subsoil 
water. 
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The di3|)Osal of town sewage may be efifected in a 
variety of ways. The oldest and simplest is to pass 
it without purification into natural watercourses, a 
plan still common. The sea affords a ready means 
of disposing oi the sewage of coast towns. It is 
allowed to escape only with the ebb tide, afid reflux 
is prevented by valves. If it is conducted by pipes 
sufficiently far out to sea, it may not be washed back 
by currents or by the returning tide to foul the 
shore. Such a degree of success is far from being 
the rule, and there are the further objections that the 
removal of sewage by this means is only intermit¬ 
tent, and that the sewage is (at best) wasted. To a 
certain extent organic impurities in streams are got 
rid of by oxidation and by the growth of plants and 
other organisms, but this possibility of subsequent 
partial purification cannot justify the gross pollution 
of a stream at any given point. The purification can 
rarely be complete, and in no case can there be any 
certainty of the destruction of specific pollution, a 
consideration that is especially important when the 
stream furnishes the water supply of districts lower 
down. 

The alternative is to purify the sewage with the, 
object of oxidizing or retaining its dissolved and 
suspended impurities, and allbwing only the water 
(with, at most, harmless dissolved matter) to pass 
into watercourses or the sea. This may be done by 
precipitation (with or without filtration), intermittent 
dotontoard filtration through land, broad irrigation, 
or bacterial treatment. 

Precipitation processes aim at throwing down 
the organic matter chemically or mechanically, by the 
addition of a reagent to the sewage. For the most 
part their success in this respect is only partial, and 
they leave the ammonia and'chlorides in we effluent. 
They are, however, particularly useful for sewage 
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containing trade effluents. The reagents, dissolve^i 
or suspended in water,* are added to the raw sewage 
either in the viewers (Scott’s and Gender’s processes) or, 
more usually, in a conduit at the works. In either 
case the flow of the reagent is regulated as required, 
and it becomes thoroughly mixed with the sewages 
l>efoi‘e entering the tanks. Tlie settling tanks are large 
and are usually worked in series, the overflow fi’om 
each into the next being over a bioad shallow sill, so 
that only the comparatively pure upper water may 
escape. The cuireiit being* very slight in tlie tiinks, 
suspmuled matters are gradually deposited, accumu¬ 
lating at the bottom in the form of .sludge, whicli is 
periodically cleared out, dried, and sold as manure, or 
dug into the ground, or (in tjcott’s j)r()coss) burnt into 
ceuicnt. A similar subsideime (jikes place if no precii)i- 
tant is used, but. the dia.solved organic matt^jr remains in 
solution, niid the settlement of the suspended matter is 
much slower and less complete. A good precipitation 
process wilj rapidly clarify the. sewage by removing 
all, or nearly all, the suspended impurities, and will, 
moreover, carry down a greater or less j)art of tlie 
dissolved organic matter. The efHuent will 1)6 fairly 
clear, but will contain the chlorides and certain other 
salts, ammonia, and more o»‘ les:^ of the dissolved 
organic matter. It is ihereforo necessary to subject 
the effluent to further treatuient—that is, to filtration 
—in order to oxidize the remaining organic matter. 

Precipitation affords no guarantee of the removal 
of microbes, pathogenic or otherwise, and has the 
further disadvantage in that it creates large quantities 
of sludge. Sludge may bo pressed .and disposed of as 
marketable manure; or deposited in the sea; or burnt, 
or destroyed by distillation; or the grease may be 
extracted for sale. 

* In the alninlno.fe4ic proceM, cakeit of the reagent are laid In the 
sewage current and dissolve slowly. 
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Many of the precipitation proceseoa descrihed in textbook* 
have boon abandoned on account of cost or want of efficiency, 
and have now only an historic interest. Lime is by far the most 
generally employed, either alone or in conjunction with other 
reagents* It lias boon used togidher with clay {Scotf), c.alciiim 
phosphate (// hiithrfad\ magnosinm chloride and tor {UilU). 
The “ Aminos ’* ji^ocess consists in adding limo, together with a 
little herring brine. The latter, by virtue of thc*lriraeth^l- 
amino and other ingredients (aminol), acts as an antiseptic. 
The effluent does not decompose, and yields no microbes on 
cultivation. Tho precipitation is rapid. Limo with feixoui 
sulphate, ferric chloride, or aluminium sulphate gives a bulky 
precipitate of tho respective hydrate, which entangles and 
carries down orgjinic matter with it. Lime with ferric sulphate 
has been a very successful precipitant. (Jrude aluminium sul¬ 
phate, made by acting upon clay or shale with sulphuric acid, 

IS Anderson’s (and also Bird’s) pr<*cipitant: and sulphuric acid 
with mineral phosphate of alumina is the basis of Forbes and 
Prlccj’s process. Spence’s “aluinino-forrio” contains a very 
small proportion of iron salts. The “ABO ” process consists in 
adding alumino-ferric, blood, clay, and charcoal. The sludge 
is formed into cako and sold as “ native guano.” 

Another jirecipitant is “ forro-zone,” made by acting with 
sulphuric acid upon “ polarite,” described as a specially prepared 
ore of iron. The effluent is filtered through a bod of polarite. 
Yet another iron process, differing from the rest in being applied 
at the head of tho sower or house drain, is Gender’s, in which 
a regulated quantity of ferrous sulphate is added constantly 
and automatically by means of a stivam (of water or sewage) 
passing through a vessel (“ ferrometer ”) containing crystals of , 
ferrouR sulphate. It seems to be successful in preventing 
docompoHition and effluvia, and ip keeping the drains free 
from deposit. A saturated oxychloride of iron is used ns a 
precipitant, in the ordinary way, in the “Clarine” process. 
TJso is somolimes made of chalybeate waters for precipitation 
pui'poscB. 

Webster’s electrolytic process adds iron indirectly, "pie 
sewage is made to fiow through a sorios of tanks in which it is 
exposed to a powerful electric cun*ent passing between elec* 
trMea consisting of iron plates. Ferrous hydrate is con¬ 
tinuously formed, and reacts at onco in tho nascent condition 
upon the sewage, ctmsing a rapid and fairly complete precipita¬ 
tion of solids. A clear and slightly greenish effluent results, 
which is remarkably free from microbes and has little ten¬ 
dency to secondary pntrefoctionr In the Hermite procew 
electrolysed sea-water is employed (as at Guildford). 
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In the black-asb process, a waste product, from alkali* and 
soap-works is used as a precipitant, lliis refuse contains 
calcium sulphide, which by exposure to air is partially oxidized 
•into calcium sulphite and hyposulphite. The prepared black- 
ash is used together with lime. 

Lime processes in general yield an alkaline effluent, which 
has a tendency to “ secondary decomposition.” A lime efflu¬ 
ent that is bright and clear on leaving the works will often 
be found to iMComo turbid and effusive if its run can bo 
traced for a few hundred yards without excessive dilution by 
other water. 

Sterilization of sewage or effluent may bo accomplished by 
chloros, beat, or ozone. 

Pfeclpitation and filtration^ -Many of the precipita¬ 
tion processes require to bo followed by tiltration. 

Among artificial filtering media, employed after precipita¬ 
tion, are various forms of carbon, ferruginous materials, and 
coke or burnt ‘‘ballast.” All of these, like land filters, sorvo 
mainly as a nidus for tho aerobic nitrifying organisms; their 
efficiency depends largely n]>on proper managoinont, and es¬ 
pecially due aeration. Tho flow should bo intermittent and 
not too rapid. Goko is widely used. Garfield finds that fine 
coal filters give excellent rosults, and possibly the non-porosity 
of the particles is on advantage^ Ferruginous materials 
include “pomrite,” “magnetite,” and “magnetic carbide”; 
they shouhl bo covered with a layer of sand, renewed at 
intervals. 

By filtration it is sought to remove the suspended matters, 
and to oxidize the org^ic matters and ammonia. The effluent 
should contain only ^lorides and otho^ dissolved mineral salts 
and nitrates, but some free and albuminoid ammonia is always 
found upon analysis. * 

Intermittent downward filtration may be defined 
as ** the concentration of sewage at short intervals, 
on an area of specially chosen pomns ground as small 
as will absorb and cleanse it, not excluding vegetation, 
but making the produce of secondary importance,” the 
flow of sewage being suspended from time to time in 
order to allow the Alter to become charged afresh with 
oxygen from the aii*. 

Land filtration requires a porous soil, underdrained 
by porous pipes at a dej^h of^from 4 to 6 ft. The 
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sewage is distributed over the'surface by means of 
branching carriers or trenches, controlled by sluices, 
so that each portion of the ground in turn receives 
the sewage for a few hours, and each has intervals of 
rest. The soi^ is raised in ridges, upon which vege¬ 
tables are grown, the sewage flowing aiong the 
furrows between the ridgea The utilization of the 
sewage is a minor consideration; but vegetation 
is useful in absorbing and assimilating the organic 
matter. This method is relatively costly, and requires . 
1 acre of land to every 1,000 of population. On suit¬ 
able soil 1 acre can purify 30,000 gallons of domes¬ 
tic sewage in twenty-four hours. Land-filters planted 
with osiers (osier-beds) are sometimes employed for 
the purification of village sewage, or for the occasional 
treatment of storm waters that cannot be dealt with 
otherwise. The osiers absorb water and sewage matter 
freely ; but constant care is needed to prevent chok¬ 
ing of the surface-soil, or of the sub-drainage. 

Broad Irrigatioa means “ the distribution of 
sewage over a large surface of ordinary agricultural 
ground, having in view a maximum growth of vege¬ 
tation (consistently with due purification) for the 
amount of sewage supplied.” For broad irrigation,, 
as for simple filtration, the soil should be porous, 
but not necessarily underdrained. The sewage is 
distributed over each portion of the ground inter¬ 
mittently, by means of branching carriers, which pass 
along ridges of soil about 20 ft. apart, or along con¬ 
tours of slopes, and are controlled by sluioea At 
intervals the sewage is turned into each carrier, and 
overflows down the slope. The sewage is screened 
before distribution, unless it has been subjected to 
preliminary filtration or precipitation. The effect is 
similar to that of simple intermittent downward filtra* 
tion, of which, inde^, this Is only a modification. 
The nitrates may, howevei, be reduced by vegetation,. 
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Hie crops grown upon “ sewage-farms ” are very heavy. 
Italian lye-grass is well adapted for the purpose, 
since it grows rapidly and absorbs much sewage, but 
many other forms of vegetation can be substituted. 
If the laud is limited in area, provision may be 
.meide tot temporary excess of sewage after heavy 
rainfall by setting aside a portion of the ground as 
a land-filter. 

It is usual, in cases where the approval of the 
L-O.B. is required, to provide at least an acre of 
land for each 300 of population if broad irrigation is 
adopted ; or an acre for each 1,000 if there be either 
broad irrigation coupled with precipitation or intei-- 
mittent downward filtration through underdrained 
land ; or an acre for each 2,000 if precipitation is 
followed by land filtration. It is considered necessary 
to secure land to the above extent, even if artificial 
filters are provided. 

Apart from the action of vegetation, the purifying 
effect of different soils shows.considerable variation. 
The Bivers Pollution Commissioners found that a cubic 
yard of chalk or sand effectually purified 5'6 gallons 
of sewage per diem, applied intermittently; while a 
sample of loam purified 9'9 gallons under the same 
'conditions. Feat had slight purifying power at first, 
but improved with repeated use, owing, perhaps, to 
increase in the nitrifying organisms. Intermittent 
filfntion through suitable soil removed 70 per cent, 
of the organic nitrogen, and upwards of 80 per cent, 
of the organic carbon. On the whole it may be said 
thaf ^t and stiff clay lands are generally unsuitable 

the purification of sewage, that their uee for 
thb purpose is always attended with difficulty, and 
that u^he^ fhe depth of top soil is very small, say 
flip. or. less, the art^ of su(ffi lands which would W ro-. 
quhped for efficient purification would in certain cases hu 
S9 great as to rendtr landAreatweAf impraotiee^ 
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The first Sewage Commission (1867-65) reported that ** the. 
right way to dispose of town sewage is to apply it con¬ 
tinuously to land, and it is only by such epplication that the 
pollution of rivers can be avoid^.” 

A further Coiiimission (1888-74), appointed to inquire 
into the best mtans of pi eventing the pullutioi^ of rivers,, 
reported with regard to chemical precipitation, intermittent' 
filtuttioD, and broad irrigation: (1) All these are to a groat 
extent successful in removing polluting organic matter in 
suspeusion, but intermittent filtration is best, bnuid irrigation 
ranks next, and the cheiiiical precipitation piocosses are less 
cflicient. (2) For removing organic matters in Boluti(<n ^e 
proi^sses of downward intermittent filtiation and broad irri¬ 
gation are gr^itly superior to upward filtration and chemical 
processoi. 

Another Commission (1882-4), appointed to inquire into 
the ^stem under which London sewage was discharged into 
the Thames, whether any evil eflects resulted therefrom, and, 
if so, what remedial or preventive measures could be applied, 
found that evils did exist imperatively dcmani^ng a prompt 
remedy,” and that by chemical precipitation a certain piat of 
the organic matter of the sewage would bo removed. They 
reported, however, “ that the liquid so aepaiated would not be 
Bi^cieiltly free from Doxious matters to allow of its being 
discharged at the present outfalls as a permanent measure. It 
would require further purification, and this, according to the 
present state of knowledge, can only be done effectually by its 
application to the land.” 

Experience has shown that with careful manage- * 
ment a properly constructed seviage- farm can be denied 
on without nuisance or injury to the health of the 
surrounding population; but if the land becomes 
waterlogged from accident, defect, or inattention, grave 
nuisance may readily result. It was at first feared 
that parasitic and other diseases in animals and man 
would be promoted by the use of the produce of sewage- 
farms as food, but no such result has been observer* 

Bacterial treatment. — Biological methods 
of sewage purification have of late been more 
thoroughly studied, with important results* They' 
we deps^ent on aerobic ftnd anaerobic orgiinisttuf 
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preaent in the sewage itself. (*Sbs p. 175.) The oxi¬ 
dation effected by the aerobic organisms has been 
increased by supplying oxygen more freely by arti¬ 
ficial means on a contact bed^ that is, a specially 
prepared filter charged intermittently with sewage 
which is* allowed to rest for a time upon it; and 
the r61e of the anaerobes has been encouraged by 
previously subjecting the sewage to anaerobic fer¬ 
mentation, tbe effect of which is to bring about 
more complete solution of the orgmiic matter and 
render it readily oxidizable. For this piupose the 
“ septic tank ” has become widely used. Thus, speak¬ 
ing broadly, two main systems have arisen : (1) an 
aerobic or contact-bed method, and (2) an anaerobic 
or septic-tank method. 

The combined process depends upon two groups 
of organisms, namely, those that are able to bieak 
down and liquefy solid organic matter, and those 
that deal with it when in solution; but no strict 
line of demarcation can be drawn between them. 
{See p. 175.) Different systems depend upon anaer¬ 
obic action, aerobic, or a mixture of the twa 
Whatever system is used, the two great agencies of 
, breaking down and oxidation must be allowed 
ample opportunity. The two tjpes are illustrated 
in Cameron’s septic ta%k (anaerobic) at Exeter and 
many other places, and in the multiple contact 
hoAteriorbeds (aerobic) at the Davyhulme Works, 
Manchester. 

^jott'Moncrieff passes sewage, after anaerobic treatment, 
through a vertical series of shallow coke filter-boxes, with inter- 
veping air-spaces; and finds that there is a differentiatioii 
of the microbes in the successive stages, so that if the sequence 
of the filters is changed tbe purification is for a time arrested, 
and the effluent b^omes foul. Ducat's tank is iWcd with 
porous material, such as burnt ballast—finer bel<>w and ouaraer 
above; it ie ventilated by field-pipes passing through at various 
levels, and the walls of the tank are for the moat part bu^ 



IX] BACTERIAL TREATMENT 326 

of open dmin-pipes, placed transversely so as to admit air < 
freely; it is claimed that the tank can be used continuously 
without rest, and that no further treatment is necessary. 
Automatic tipping troughs are used, by which the sewage 
drips on to the bra and is thus aerated. Uibdin employs a 
tank filled with coarse burnt ballast; the sewage is run in 
and allowed to sta(d for two hours, after which it is jlowly run 
off—to filters, or to a second tank with finer materials—and* 
the tank is allowed several hours* rest for aer^ion. Many new 
forms of apparatus are invented from time to time. 

For contact beds which act partly mechanically 
as strainers and partly biologically, burnt clay, coke, 
clinker, cinders, or various forms of gravel may all 
be efficient media, provided there is ample aeration 
and porosity; loose-jointed tile drain-pipes are laid 
along the bottom to carry off the effluent. The 
depth of the beds may vary from 2 to 6 ft., and 
half an acre of bed is required for every 1,000-1,600 
population. To assist in maintaining aeration the 
surface should be raked over from time to time. 
Obstruction by frost rarely occurs, the temperature 
of the sewage being from December to April about 
66-6“ F. Frequent and prolonged periods of rest 
are necessary ; wirfiout them the beds become 
clogged, and eventually inactive because lacking in 
aerobic bacteria. The sewage applied to the bed* 
should be as far as possible uniform in consistence 
and freed from susgiended matters by sedimentation 
or screening. MecWical sprinklers, dripping trays, 
or tipping troughs are used for the uniform distribu¬ 
tion of the sewage on the bed. 

The bacterial process is best conducted in three 
stages—(o) aetdiment and screening out of the grosser 
solids ; (b) anaerobic decomposition in the septic tank ; 
and (c) oxidation on bacteria contact beds. Fowler 
summarites the conditions of the successful working 
of contact beds as the result oFthe Manchester experi¬ 
ence as follows;— 
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(I) The bed ^ould bo worked very elowly at Bret, ia order 
to allow it to settle dowa and the bacterial growths to form. 
In this^ way there will bo less danger of saspended matter 
dnding its way into the body of the bed, while the material is 
still loose and open. (2) The burden should not be increased 
till analysis reveals the presence of surpl|*8 oxygen, either 
dissoWed or in the form of nitrates in the effluent. (3) Ana¬ 
lyse of the air ]n the bed may usefully be made from time 
to time daring resting periods. (4) The variations in capacity 
should be carefully recorded. If tho capacity is found to 
be rapidly decreasing, a period of rest should be allowed. 
(5) Long^riods of rest should bo avoided during winter, as when 
deprived of the heat of the sewage the activity of tho organisms 
decji^ises. If necessary, the burden on tho bed should then 
be deermsod by reducing the number of fillings per day, 
rather than .by giving a long rest at one time. (6) Ime insol¬ 
uble suspended matter should bo retsined on the surface by 
covering the latter with a layer of finer material not more 
than 3 in. in depth. The suspended matter thus arrested 
should not be rak^ into the bed, but when its amount becomes 
excessive it should bo scraped olf. This should be dooo if 
TOBsible in dry, warm weather, after the bed has lasted some 
uys. By plt^Qg tho inlot and outlet penstocks as close 
together as possible, ihe suspended matter will tend to concen¬ 
trate in theft vicinity, and its removal will be facilitated. 

The Boyal Commission on Sewage Disposal 
(Fifth Report, 1908) reported somewhat unfavourably 
on the septiotank method used by itself, and 
dared that its chief advantages^ were settlement of 
suspended matter, digestion of some of the sludge, 
and equalization of strength of sewage. 

It should be noted that if sewage contains patho* 
genic baotmia, and is then treated by bacterial 
methods, the eftiuent cannot certainly be assumed to 
be safer in this respect than the raw sewage diluted, 
and, therefore, effluents should not be passed into 
drinking-water streams, but on to the land. 

i^lectlbn 0t method. —The choice among the 
virions methods of puriEcation of sewage mdit bo 
determined lately by l<k:al considerations. .We 
have already quoted the Endjpgt of the Sewage 



a] SEtMrrlON OF BiUTHOl) 8*! 

mission of 1868 (see p. 323). If the sewage is frei 
from manufacturing effluents of injurious character 
and if a sufficient area of suitable land can be obtainec 
in a convenient position at a reasonable cost, brotn 
irrigation is eijtitled to preference as the moat rations 
and economical method of treatment If there i 
serious difficulty in obtaining suitable land, simple 
intermittent downward filtration, or the bacto^ 
treatment, may be preferable; and preoipitation pro¬ 
cesses and artificial filters for still smaller areas may 
suffice. The Boyal Commission (1908) found that 
the average purification secured on sewage-farms was 
78 ])er cent., and on contact beds 03 per cent. The 
effluents are much the same chemically. The Com¬ 
mission (1909) also showed that in practice no 
sewage has been found (whether containing pot-ale or 
other trade effluent) which cannot be purified by 
bacterial treatment. 

Proper construction in the first instance, and 
careful management afterwards, are essential in every 
process, and without them nuisance cannot &il to 
result. It is desirable, for the sake of economy and of 
efficiency in management and supervision, that sewage 
should be dealt with at as few points as possible. 
The process of purification is greatly facilitated by th% 
“ separate ” system of drainage, the volume of sewage 
bring thereby reduced and rendered more oonsian^ 

In manufacturing districts the principal difficulty 
arises in connexion with trade effluents. Many 
kinds of manufacturing refuse if admitted into the 
sewers interfere with the efficacy of land filtration, 
either by olog^g the soil or by chemically checking 
the process m oxidation. The latter conmtion also 
operates prejudicially in bacterial methods. In such 
cases a preliminary purification by precipitation is 
necessary, and it is prob&ble that the effluento of 
different trades will be found to require different 
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ohemioal treatment. If they are poured into streams 
without purification, they cause pollution exceeding in 
intensity that caused by domestic sewage. For each 
manufacturer in such a district to deal with his own 
refuse would entail a very heavy aggregate expense; 
and the njultiplication of such works is in itself un- 
desirable, since it must increase the risks of mis¬ 
management and failure. Still, where trade effluents 
cannot be received into the sewers, the responsibility 
for their purification rests with those who produce 
them. ]ji some cases the difficulty may be overcome 
by combination among manufacturers, and in others 
by the provision of a special intercepting sewer. A 
satisfactory compromise has been reached in some 
towns by the manufacturers partially purifying the 
effluents before turning them into the sewers. 

The Royal Commission on Sewage Disposal (1912) 
stated provisionally for the guidance of l..ooal Authori¬ 
ties that an effluent which complies with the follow¬ 
ing conditions would be satirfaotory and may be 
passed into a stream ;— 

(1) That it should not contain more than 3 parts 
per 100,000 of suspended matter. 

(2) That a^r filtration through filter paper it 
should not absorb more than 0-6 part by 
weight per 100,000 of dissolved or atmospheric 
oxygen in 21 hours, I'O part in 18 hours, and 
1 ‘6 parts in 5 days. 



' CHAPTER X 

DISPOSAL OF THE DEAD 

XliR daily average of deaths in England and Wales 
is 1,400-1,500. The disposal of this enormous number 
of dead {many of whom have died of infectious dis¬ 
eases) in such manner as to avoid danger to the living 
is a sanitary problem which, like many others, has only 
received due attention within comparatively recent 
years. The horrible overcrowding of graveyards which 
prevailed in the early part of last century is now 
rarely met with, and is only possible in the older 
grounds w’hich are not subject to modern regulations, 
and which have not been formally closed by Order in 
Council. Seymour Haden has shown that if carcasses 
are covered by a foot of suitable earth, the perishajjle 
parts disappear inoffensively within twelve months, 
and, speaking broadly, it may be said that for every 
foot of depth below the surface of the soil one year or 
thereabouts is necessary for resolution. The present 
practice, however, and even the law, are incon¬ 
sistent with burial sufficiently shallow to permit 
of the due action of the nitrifying organisms found 
only in the upper layers of the soil. The objects of 
earth-burial are further frustrated by the still preva¬ 
lent use of metallic or heavy wooden coffins. 

Biirial-gronnds.— The objects to be aimed at are 
rapid resolution and complete oxidation or absorp¬ 
tion of the pi'oducts. Hence the soil should be light, 
open, porous, and either naturally or artificially 
drained to a depth of not less'than 8 ft., so that 
air and moisture may pass freely but in a finely 
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divided state. Loam or sandy mould is about the 
best soil; clay is difficult to drain, retards decom¬ 
position by excluding air and moisture, and either 
retains the products of decomposition or allows 
them to escape through fissures. lA loose stony 
soil allows gases to escape too freely. In cases of 
difficulty, as regards soil or drainage, the level may 
be raised artificially. It is desirable that burial- 
grounds should not closely adjoin dwellings.* While 
convenient of access, they should, therefore, be placed 
outside the limits of present or probable future dense 
building, and a margin of 20 ft. or more in width 
should be’ reserved for walks and planting. The 
surface should be grassed. Cemeteries should not be 
placed on elevated ground whence the natural drain¬ 
age may find its way to dwellings below, or may con¬ 
taminate any water supply. For obvious reasons, 
lands liable to floods or encroachment by streams or 
by the sej are unsuitable. (For Model Bye-laws see 
p. 725.) The ordinary grave‘space being 9 by 4 ft., 
It 'is usually estimated that an acre of ground is 
a minimum allowance for a population of 1,000 
persons for 60 years. The four chief sanitary con¬ 
siderations, therefore, to be held in view in the 
provision of burial-grounds are (a) suitable soil and 
proper elevation of site, (5) a suitable position, 
especially with respect to houses and sources of water 
supply, (o) sufficient space, and (d) proper regula¬ 
tion and management. (L.G'.B. Memorandum, 1908.) 

There can be no question of the injurions effects 
of overcrowded burial-grounds upon the hmilth of the 
immediately surrounding population, but there is no 
clear evidence of harm accruing under the conditions 

* Thi Publie Heftlth UntenneQtfl) Act, 1S79, probtfaltel th« oouWeeUsB 
ot ft eemeteiv vithSa SOO yards {roduced to 100 tiie fiarifttt 
of any dwellhig witnouti we oonsent of the owner and ooenj^. Him 
to tto restriettm if tuch oonaent UkobtoiQid, uty pnddbit^ of hitnn 

building nearer to the cemetery. 
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enforced in modem well-regulated cemeteries. The 
dangers to be apprehended are contamination of air 
and water, to which, perhaps, ought to be added the 
possible retention or even multiplication of the germs 
of specific disease, many varieties of which can live in 
the soil. Effluvia may rise to the surface, or pass later¬ 
ally for unknown distances, possibly to the basements 
of houses; but this is not Hkely to happen if the 
conditions already specified are observed. The drain¬ 
age, artificial or natural, must be so arranged that it 
cannot find access to any supply of drinking-water, 
be it stream, well, or other source. Investigations 
by Buchanan Young show that organic matter and 
bacteria are increased in the deeper layers of soil, but 
not in the upper reaches. In vaults and over graves 
with an insufficient covering of earth, fetid organic 
matter, ammonia, ammonium sulphide, and sulphur¬ 
etted hydrogen have been found. 

Persons taking part in exhumations have in many 
instances suffered from febrile attacks of. varying 
character and intensity ; but as a rule nothing more 
than diarrhoea, and occasionally vomiting, results 
from such exposure, and that only in a minority of 
oases. Much depends ^on the completeness of tiie» 
putrefactive changes. Grave-diggers do not appear 
to be an unhealthy or short-lived class. 

Brick graves, vaults, catacombs, heavy oak coffins, 
and (worst of all) lead coffins are all objectionable, and 
represent a futile attempt to prevent decomposition; 
They only retard the process, and render it far more 
likely to injure the living than if the pent-up gases 
and fluids were expos^ to the deemorUing and 
oxidizing influence of aerated earth. Perishable 
coffins of vTicker, light wood, or papier m&chd arU 
most snitable of all. . 

“The degree to which the parity of neighbouring WoJIi Di 
endanger oy a btUial-gtrouw, and the distance to which 
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oontamination may extend, will depend in each particular case 
upon the relative elevation of the respective sites of burial- 
ground and well, and upon the nature and dip of the inter* 
vening strata and the direction and amount of flow of under¬ 
ground water, so that it is impossible to lay down a general 
rule for all ca^. Fissured rock might allow foul matters to 
traverse OQUsiderable distances, while the interposition of a bed 
of clay or a water-tight fault would shut thorn off, or the 
passai^e through an aerated stratum of finely divided earth 
would oxidize and destroy them on their way. The risk of 
pollution would seem to be greatest when graves and wells are 
sunk near together in a shallow, superticial water-bearing 
stratnm of loosely porous nature resting on impervious olay, 
the water in the superjacent bed being stagnant. 

** It does not appear, however, that the risk to which wells 
are exposed from the proximity of a properly managed burial- 
ground is in ordinary cases great. It is probably less than 
that to which in unsowerod villages they are exposed by soak- 
age into the subsoil from cesspools and privies; seeing that 
the solid and liquid excretions voided by a human being in the 
course of a single year amount to several times the weight of 
his body. 

** In this connexion attention maybe called to the researches 
of Dr. Klein, |he results of which are thus summarized (Ann. 
Rep.y Ii.Q'.B., 1899) by him:—' Direct experiment ien^ no 
confirmation to the general and popular belief that the microbes 
of inteciiout disease retain their vitality and power of mischief 
within dead and buried bodies for indefinite periods. On the 
contrary, these researches show that, as far as the bodies of the 
«guineapig are concerned, the vitality and infective power of 
(hose microbes that have been made the llibject of experiment 
passes away in a comparatively short time; that in most cases 
a month is suffic ent for this result—that is to say, long before 
Uie cofiins containing the buried bodira have shown any in¬ 
dication of leakage.’ This statement, however, does not apply 
to poisonous chemical products of decomposition, which may 
long retain noxious properties, especially where the circum¬ 
stances are such as to exclude free access of air. 

** The precautions to be taken to avoid pollution of wells and 
springs in tiie neighbourhood of a bunal-gToand will depend 
much upon local circumstances; they may be said to be—1st,. 
tile intervention of a sufficient space between the burial-ground 
and the water source; 2ttd, proper drainage, where necessary, 
in order that the spbsoil water of the burial-ground shall^ be 
oonveyed away; and 3rd, proper management of the burial- 
ground, so that the amount of orga^c Inatter in one place shall 
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not be more than the loil can dispoae ol la oaiee where the 
Board’s sanction or approval ia required, a site would not be 
approved if it appeared likely that the purity of existing water 
supplies would be endangered, though, as in the case of ^e 
erection of new houses when a bunal-ground has come into 
ezietence, there i%no power to prevent anyone from sinking a 
well on his own property, as near to the buiial-grdund as he 
pleases. Of course, should the well become polluted, it can be 
dealt with under ^e provisions of the Public Heidth Act. 
The reservation, free from interments, of a strip of land next 
the boundary, us before recommended, would be of service in 
thid relation also. 

" The drainage water from a burial-ground should not be 
allowed to enter a stream from which water is drawn for 
domestic purposes. Special treitment will be necessary of the 
subsoil drainage of a burial-ground before its admission to any 
stream in cases where the soil of the burial-ground is of un¬ 
suitable character so that the drainings from the graves will be 
liable to escape adequate filtration.”—(L.G.B. MemorundwH, 
1908.) 

Both urban and rural authorities are enabled bj 
the P.H. (Interments) Act of 1879 to provide ceme¬ 
teries for their districts, and must do so if required 
by the L,O.B. The cemetery need not be within 
the district of the 8.A. It is incumbent to take 
action in this matter— 

1. Where, in any burial-ground that remains in * 
use, there is not proper space for burial, and no other 
suitable burial-ground has been provided. 

2. Where the continuance in use of any burial- 
ground (notwithstanding there may be such space) is, 
by reason of its situation in relation to the water 
supply of the locality, or by reason of any circum¬ 
stances whatsoever, injurious to the public health. 

3. Where, for the protection of the public health, 
it is expedient to discontinue burials in a particular 
town, village, or place, or within certain limits. 

4. Where, from unsuitabifity of the site or of the 
subsoil, or from inconvenience of access from populous 
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parts of the district, it is necessary to provide addi* 
tionai burial-ground accommodation. 

If it is desirable, on the above or other grounds, 
to close any existing burial-place, a representation 
must be made to the Home Secretary .for the purpose 
of obtaining an Order in Council to that edect, under 
the provisions of the Burial Acts, 1853-1906, 

** Ihe period for which cemetery proviaion on the above 
eoale will remain available will be still further leogthened if 
the soil be of a sort to promote speedy decay of the coffins and 
bodies.* The len^h of time necessary to effect complete decom¬ 
position varies (the material of coffins being similar)* according 
to the nature df the soil, being shorter in a porous, well-aeratea 
soil than in one which is either dense and clayey, waterlogged, 
or surcharged with animal matter. The bodies oi children decay 
more rapidly than those of adults, under like circumstances. 
In an open soil, if an adult body be buried in an ordinary wooden 
coffin, at the end, say, of fourteen years the coffin and the 
softer parts of tho corpse may be found completely decayed, 
(mly the larger bones remaining, and the coffin collapsed, so as 
to,occupy a vertical space only a few inches in thickness; the 
grave might then, so far as sanitary considerations are oon- 
camed, reopened nearly to its onginal depth, without dis¬ 
turbing the remains of tho body previously interm. Thus, if 
the grave be made originally, say, 8 ft. deep, a number of 
burials may be made in it before it becomes so full of bones 
, as to be unfit *for further use. In a ^ense olay soil, on the 
other hand, 8U(ffi coffins are found int^t after having been 
buried thirty years or more, so that in a grave 8 ft. deep in 
such a soil there would not be room for more than three 
adult interments, if the rules to leave at least 6 in. of earth 
between any two coffins in the same grave and not to bury 
within 8 ft. of the surf^ were observ^. 

* Id ordinar; elreumsUDoes, as pointed out on p. 881, burial lu the 
earth in eofflae of a periahable uature le to be preferred, on sanitary m 
well M on economic grounds, to the use of graves and coffins of duraUe 
and impervloos materials. In the former case, if the earth Is of snitable 
naUife, the resolution of. the constituents of the bo^ bito Innonuoni 
luorgome lubetances proceeds rapidly and unlnterruptecuy. In the Utter 
esse Ue poisonous products of a partial and arrestM decompoaltion are 
sealed op—It Qiay be to be llberaled by Uie disturbance the gravaoB; 
a future oocaeton. But, as it is doubtfUf whether pablic eentiment (e yet 
ripe for the tnobibiUtm ^ vault burial, jmvlsioaa for its regutotiou have 
bMn insertea in the Model Bye-laws u b^eemeteriee with a view to ra- 
dMsg the daagaca of this awM of bariii to a mUdnum. 
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“ Under the meet feTonrable cinsumetancei, if the populn- 
tion lie etationary, and the soil of the burial-^nnd be of an 
open texture and of each a nature as to peinut burials to the 
depth of 8 ft., it may be estimated that at least a quarter of 
au acre of ground should be provided for each thousand in¬ 
habitants to serve for a period of thirty years. More space 
will, of course, be needed if the population is an Increasing 
one, or if the number of burials is increased by special circuqi- 
stances, such as deaths in institutions, or bodies cast up from 
the sea. In wealthy districts, in which many family graves 
are likely to be purchased, the burial-ground will not—other 
things being eqmu—be available so long as in a poor district, 
in which most of the burials are in common graves; much of 
the ground in the first case being appropriated though not 
filled. In a poor district, on the other hand, the death-rate 
is likely to be the higher. Bodies buried in walled graves 
occupy the pound permanently, and do not by their decay 
make room for others.”—(L.Q.B. Memorandum, 1908.) 

In excavations for new buildings in cities, not in¬ 
frequently skeletons and coffins are met with, which 
it is necessary to remove. For removal from one 
consecrated ground to another a faculty from the 
bishop of the diocese may suffice, but otherwise 
application must be made to the Home Secretary, 
from whom “ a licence for the removal of human 
remains,” undef the Burial Abt, 1867 (s. 25), may be 
obtained. The remains are then suitably re-coffined 
in boxes and re-interred in a burial-ground where 
burials may legally take place. 

Interments underneath or within the walls of 
church built after 1848 are forbidden by the P.H. 
Act of 1848 (s. 83; re-enacted by the P.H. Act, 18,76). 
No buildings must be erected upon any disused 
burial-ground, except for the purpose of ei^rgiiu a 
place of worship (Disused Burial Grounds Act, 1884), 

Cremation. —In a crematorium of modem con?, 
struction a body of average weight is reduced to 
about 3 lb. of inorganic ash within two hours. The 
usual fuel is coal and coke, but Fradet reeomm^lis 
^ III ^er ca^ a ventilating 4)aft E^Uot w 
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iU base is necessary. The chief objections to cremation 
are that the soil is deprived of the organic matter that 
would otherwise be returned to it, that it involves an 
unnecessary waste of the world’s limited stock of 
combined nitrogen, and that the impossibility of ex* 
humatioii would increase the facilities for concealing 
homicide. The first objection has no great weight at 
present, since little attempt is made to utilize burial- 
grounds by cultivation. The last is, however, more 
serious, and cannot be regarded as satisfactorily met 
by th« proposition of minute and detailed autopsy in 
every case. Half a million examinations annually, 
each sufficiently detailed to cover every known poison 
and every possible wound, would be impracticable, 
especially as the result must, in the vast majority of 
oases, be negative. The discovery of organic disease 
would not by any means necessarily exclude the pos¬ 
sibility of foul play. Some few poisons, such as 
copper, might be detected in the ashes, but organic 
and volatile mineral poisons would be dissipated by 
cremation. It is true that under present conditions 
occasion for exhumation rarely arises, but the possi¬ 
bility of it may to some extent act as a check upon 
crime. ’Fhe Owmation Act, 190,2, empowers Burial 
Authorities (Burial Boards or other local Authorities 
maintaining cemeteries) to provide and maintain 
.crematoria. The plans and site must be approved by 
the L.G.B., and the completion must be notified 
to the Home Secretary before any cremation takes 
place. No crematorium may be built within 50 
yards of any public highway, within 200 yards of a 
dwelling-house (except by consent of owner), or 
within the consecrated part of a burial-ground. 

Home Offioe R^alatioae of 1903 impose conditions as to 
maintenance, inspection (by Home Office andL.Cl.B.), disposal 
of ashes, and the further points sttued below. Cremation is 
not allowed if Hie deoMsed has deft written directions to Hie 
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contrary, or if the body has not boen identified. There must 
be (/i) medical certificates as to the cause of death from two 
registered practitioners (one being the medical attendant and 
the oUier a practitioner of at loast five yearn’ standing who 

(1) is BpecialW appointed by the Authority for the purpose, or 

(2) is Certifying Surgeon under the Factory Act, 

or Medical Referee under the Workmen’s Compon^tion Act, 
or (3) is physician or surgeon to a public general hospital with 
at least 60 beds; or (6) a certificate given after post-mortem 
examination by a skilled pathologist, or {c) a certificate given 
by a coroner after inquest. In certain circumstances (6) and 
{() become essential. 

A Medical Referee must he appointed by the Authority, 
and a deputy to act for him in his absence or in cases where he 
is the medical attendant, llis certificate that all the condi¬ 
tions have been fulfilled is necessary before any cremation can 
take place, but certain relaxation can bn allowed by him in 
exceptional cases (persons dying of p'ague, yellow fever, or 
cholera, on ship or in an isolation hospital; still-born children; 
bodies exhumed after burial for more than a year). Other 
modiHcations can be made temporarily by Order of the Home 
Secretary on application of the SiA., during an epidemio or 
for other sufficient reason. 


w 



CHAPTER XI 

ANIMAL PARASITES 

In addition to the pathogenic bacteria, belonging 
rather to the vegetable than the animal kingdom, the 
human, body is liable to invasion by a number of 
parasitic animal organisms, among which the following 
are the most "important. 

Protozoa are unicellulai' animals, little more 
highly developed than some of the bacteria. They 
are usually divided into four classes: Rhizopods, 
Sporozoa, Flagellates, and Infusoria. The last- 
named group, which includes ParmiKecium, need not 
be further considered. It is only recently that the 
relation between these protozoa'and human disease 
has been demonstrated with any clearness. 

The Rhizopods are the lowest group, and com¬ 
prise the amoobffi which move by pseudopodia and 
< reproduce themselves by simple division. Many kinds 
of amoeba occur in the human intestine, some being 
genuine rhizopods in the vegetative stage, others being 
amceboid st^es of higher forms. Two of the 
forms (ffymnamoeba) are human parasites, namely, 
the Ainoeba eoli (or, as it" is termed by Schaudinn, 
EntanuM) and the Amceba dt/senterim (Entamaba 
Utragena or E. histolytica). The former appears in the 
excreta of 20~SU per cent, of healthy persons, though 
it is not easy of detection. The latter (Fig. 47) is 
probably the cause, wholly or partly, of the amcebic 
type of dysentery^ as commonly'occurring in the 
tropica 

The Sporozoa are so called j^e&use at one stage 
Pi 
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of their life-history the individual breaks up into a 
number of minute reproductive bodies resembling the 
spores of fungi, often encysted. This group includes 
tlie Gregarines^hi^^ inhabit the digestive tract of 
crustaceans, the Coccidia which are intestinal parasites 
in birds and in animals, and the BaiviojyTotozoa^ or 
parasites of blood corpuscles, classified by Sambon 



Fli. 47.*-<*> Amtebt dytenteritB. fixed aod tteined fC'ounci^flutn) j 
A. dmntcrie in stooii. {.Afier h^eth, Vir^nw's JJd. Ixr.) 

into four groups. The life-history comprises alterna¬ 
tion of generations and change of host. Once the 
sexually.produced reproductire body or spore finds its 
way into a suitable host it attains its full size and 
then splits up into individuals which carry on the 
cycle. 

Coeeidivm <niform$ prodaces coccidtosis or psorospermosis in. 
mbbits and other animals. Fyronma iigeminum^ the cauN of 
h* cattle, which is transmitt^ by a tick, is a closely 
allied organism. ' 
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The Flagellates include the Trypanosoma and 
Tryparutplasma genera. The latter occur in fishes only. 
The former cause various diseases of mammals, birds, 
reptiles, fishes, etc. They have now been shown 
to be the cause of certain diseases of man, such as 
trypanosomiasis, of which the terminal phase is 
sleeping sickness (Fig. 48), and some are conveyed by 
a fly, Glossina palpalis (p. 523). A tryiianosome has a 



Fig. formt of TrypanOAoma gamblenae (the parasite of 

trypanosoDuaita) from the blood and eerebro'spinal fluid. 

long spermatozoon-like body fringed on one side with 
an undulating membrane prolonged at the anterior 
end into a flagellum. The body possesses a large nu¬ 
cleus and a chromatine blepharoplast. The organism 
passes through various stages in its life-cycle, and a 
connexion has recently been established between the 
malaria parasite and the trypanosome. The majority 
of trypanosomes and other h^mhprotozoa have a life- 
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cycle coneisting of alternating gut-paraeitiam and 
blood-parasitism. 

The next group of animal parasites infesting man 
are the Insecta and the Arachnida. Among the former 
are fleas, bugs, lice, the Pulicidic, and the larv® of 
certain flies; aifiong the latter are the mites, ticks 



D 


FiS, 19,—Ova of eolozoa, x .IM, (HiUter.) 

A, Tconia aolium; b, Botlirioceplialua latus; c, Ttvnia mediocaiiollata; 

D, Ascarla lumbrlcoiocs ; *, Oxyuris voriiiicularls. 

and PentattOTmta. More imiwiiant are the parasitic 
worms, which may he divided broadly into two groups 
us follows:— 

1 The flat worms (Platyhelminthes), which are 
usually subdivided into the Cestoda or tapeworms 
and the Trematoda or flukes. 

2. The round- or threadworms (Nemathelminthes) 
or Nematoda. This group includes the common thread- 
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viirai(Oxyuriavermwularia),i\ia common roundworm 
(^Aacarii lumbricoidea), and the rarioue forme of fllariee 
and ankylostoma. 

Xoiiilada. —It has been said that as many as a 
dozen forms of tapeworm occur in man. This species 
of Cestoda passes through two distinct, phases, in two 
different 'hosts. In one, the head, or acdex, together 
with a cystic expansion, is embedded in muscle and 
other solid tissues; in the other, the aCrobilua or 
tapeworm occupies the alimentary canal of some 
other animal If the Sesh containing teenia cysts 
(cyalicerci) is eaten by another animal, the scolex 
reaches the alimentaiy canal of the new host, loses 
its cyst, and attaches itself to the wall of the intes¬ 
tine. It then develops from the caudal end joint 
after joint of proglotUdea, square or oblong fiat 
segments, each ^oi which is provided with double 
sexual organs. The chain of proglottides may attain 
a length of many feet. Ova are produced in the 
segments, and escape with the excreta of the host if 
the segments rupture or become 'detached, or if the 
whole of the tapeworm is expelled. Some of the ova 
are swallowed by an herbivorous host, and the em¬ 
bryo then bursts its shell, makes its way from the 
, intestine to the solid tissues of the host, an I after 
developing anew into a cysticercus, remains passive 
until it is devoured by a carnivorous animal, or 
perishes. 

Man is subject to tapeworms, and more rarely to 
their cysticeroi, Tcenia aolium, one of the commonest 
of human tapeworms, attains a length of 7-10 ft. 
or more, consisting sometimes of 70O to 800 pro¬ 
glottides. The head is about the size of the head of 
a pin, and bears four suctorial discs, and a double 
circle of booklets surrounding a prominence or roa- 
tdlum. It attains its full development in three or 
four months, but mlty remain in the intoatine for years., 
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The ovum (Fig. 49, a) is spherical, 7 ^ in. in diameter, 
and has a thick brown shell; the embryo' has six 
liooks. The cysticerous or bladder worm of the Tcmia 
solium is termed Cysticercus ceUulosw. It affects the 
])ig, and more rarely man; in the latter it lodges in 
the muscles, counective tissues, brain, eye, and serous 
membranes, where it attains its full development in 
about two and a half months. The cyst reaches the 
size of a pea, or even a marble'; the head or scolex 
has a double crown of booklets. In pigs it constitutes 
the affection known as “ measles,” and the consnmp- 



tion of uncooked “ measly pork ” is the chief source 
of Tania solium in man. 

Tama imdiocanellata is more common than Tania 
solium, and somewhat resembles it, but its length* 
is greater (20 ft.). The head is about ■A. in. in 
diameter, and has four suckers, but no rostellum or 
booklets. The eggs (Fig. 49, c) are oval, the short 
diameter being about in. The Cysticerous tania 
mediocanellata, or Cysticercus bovis (Fig. 50), is an 
oval vesicle smaller than the Cysticercus eellulosa. 
It consists of a cyst, and a scolex identical with the 
head of the ttenia itself. It occurs in the flesh of 
cattle and produces “ beef measles.” 

Bothriocephalus lotus. — This tsenia attains a 
length of 24 ft or more. The* head is ovoid, in. 
long, and has two longitudinal grooves or sackeis, but 
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no hookleta. The body is ribbon-like and may have 
as many as 3,000 segments. The eggs (Fig. 49, b) are 
oval, about yfij in. shorter diameter, and open by a lid 
at one end. The oysticercus is found in pike, turbot, 
perch, and other lisli. It may, perhajps, gain access 
to the alimentary canal of the lish by means of water, 
as the embryo is ciliated and is found in river 


water. The taenia is met with princi- 

t pally in the Baltic countries (Russia, 
Poland, Sweden) and in Switzerland. 

Tania echinococcus (Fig. 61) affects 
the dog and wolf only. The head re¬ 
sembles that of Tania solium in pre¬ 
senting a rostellum surrounded with a 
double row of booklets and four suckers, 
but it is only in. in width. There 
are four segments only, and the whole 
adult tapeworm is about J in. long. 
The eggs are spherical and contained 
- only in the terminal or reproductive 
segment Its oysticercus is a dangerous 
human parasite affecting the liver and 
various other parts of the body under 
the name of hydatid^ which occurs more 
® frequently in Iceland dhd Australia than 
Fii. 5f.—Te»i« in Great Britain. Unlike other cysti- 

CflbioOCOOCQt. *’x< 

(iniotairt.) cerci. It increases indefinitely in size, 
becoming sometimes a large cyst; it 
also forms within itself secondary cysts, some of 
which (“ brood-capsules ”) contain one or more scoleoes 
{echinococci) and remain minute, while others, contain¬ 
ing no scolex, enlarge and form “daughter cysts,” 
which may in turn produce new cysts by gemmation. 
After death the scolex or echinococcus resembles the 


head of the tsenia, but during life it is retracted into 
a depression, and Miereby turned inside out. Hydatids 
may continue to grow for an indefinite number of 
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years, and are spread among men and animals by 
affected dogs. 

T<mia nana (Fig. 52) is occasion¬ 
ally met with in England. It is the 
smallest of the tapeworms inhabiting 
man, and, with half a dozen other 
types, is found commonly in tropical 
or subtropical countries. 

Trcmatoda or dukes furnish two 
human parasites, tho BUharzia luema- 
tobia, now termed Schistosomum tmma- 
lobium (Fig. 53), and the Distoma Fi». 52.—T*iii« 
liepaticum. 

BUharzia hammtohia is believed to'be the cause of 
a form of intermittent hajmaturia endemic in Egypt, 
South Africa, and elsewhere. Tho parasite is about | in. 

long, and infests the veins 
of the large intestine, blad¬ 
der, ureter, and pelvis of the 
kidney. It causes small 
patches of iudammation 
along these tracts, and the 
urine frequently contains 
blood and the ova of Bil- 
harzia. The ureter may be* 
obstructed. Dysenteric 
symptoms occasionally occur 
owing to the presence of 
the parasite in the veins 
of the intestine. The ova 
are about yjj in. long, and 
have a sharp terminal spine, 
not quite in the longitudinal 
axis. The parasite probably 
gains access to the human 
body Through water, either 
'tobiiio. iuie lud^re^e. by drinking or by direct 
iparUy SJUr Imt.) 
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iufection of tho urinary and alimentary tract during 
bathing. The larva becomes encysted in the body 
of aquatic crustaceans. 
Other varieties of schis¬ 
tosomes occur. 

The dommon liver- 
fluke or Diatoma hepa- 
tieum, which produces 
“liver-rot” in sheep, is 
shaped like a diminutive 
sole, and is about an inch 
in length. ■ It may infect 
persons consuming aflect- 
ed livers, and may be 
found ill the tissues, and 
particularly in tho portal 
system. 

Ncmatoda. -— The 

c 0 n. m 0 n roiindworm, 
or Aicaris lumhricoidet, 
affects man and other 
animals. Its habitat in 
man is chiefly the small 
intestine. It is pinkish 
in colour, and tapers to 
each end. The male is 
about 6 in. long, the fe¬ 
male 12 in. The eggs, 
enormous numbers of 
which are discharged, 
are oral and nodulated, 
and measui'e about 
in. in least diameter (Fig. 
49, d). It is believM 
that the ova develop onl^ 
The threadworm, Oxyunt 
vtt'mUmlaria (Pig. 64), is^smaller, tljp female measuring 



Fi|. 54.**-Oxyarit 

tt, young female; male; 
c. niatare female. (Payne.) 

in an intermediary host. 
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about half an inch in length, and the male about 
a quarter of an inch. They occur in enormous 
numbers, chiefly in the rectum. The ova (Fig. 49, z) 
are unsymmetrical but oval, their short diameter 
being ^rVir diameter -j-iVj in. The origin of 

threadworms ij uncertain, but it is probable that 
they are occasionally disseminated by means of 
drinking-water. 

The adult Ankylostomum, about half an inch long, 
inhabits the upper part of the jejunum in man, A. 
duodeiiale (Fig. 65) being found in Europe and the 
tropics, and A. amerieanum (or Necator amerioanua) 
in the United States and elsewhere.* It possesses 
no intermediate host, and there is no sexual genera¬ 
tion outside the host. The infection of each host 
(man, sheep, etc.) is specifie for each parasite. The 
adult alone is infective, the eggs and young larva 
being non - infective. The fresh ovum is charac¬ 
terized by a thin, clear, colourless shell of oval 
form, encasing greyish contents divided by segmen¬ 
tation, and eventually, on passing out of the in¬ 
testine, becomes a morula before the emergence of 
an active vermiform embryo (in 18 hours). From 
the fresli egg the encapsuled larva appears in 2 or 
5 days or longer. The second period of growth, 
within the host from the encapsuled larva to the 
adult occupies about 5 to 7 weeks. The encapsuled 
larva is capable of saprophytic existence for many 
months under favourable conditions. The eggs are 
killed in about 24 hours at 40” 0, or at zero, and 
below 13” C. they will not hatch. Moisture and 
free oxygen are necessary for development of ova 
after expulsion from the body. 

Ankylostomum obtains access to man’s intestine 
by the mouth or through the unbroken skin by way of 

* Tbti neouitode. has also been termtd -SoTerortoww dvodtnaU, DoA 1 ^iu* 
duod$nalii, and Strong]/lu$ duodtnalU, 
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Hi|. 55.'~Ank)rlMtomum duodenile. 
fenule and male, Loot.) 


the hair - follicles as 
encapsuled larvic 
(Loos). The latter is 
probably the most 
inijiortant path of in¬ 
fection and explains, 
in part, the skin 
irritability and erup¬ 
tion which precede 
invasion. From the 
skin it is carried by 
the blood-stream to 
the lungs, up the 
trachea, and down the 
oesophagus to the ali¬ 
mentary tract, in 
which the parasite! 
attaches itself to the 
villi of the jejunum, 
abstracting blood and 
producing heemor- 
rhagea Ankylostoma 
can only obtain effec¬ 
tive entrance to the 
human body in the 
stage of full-grown 
larva. Eggs are not 
infective. The dura¬ 
tion of infectivity in 
man varies between 
7 weeks and 6 years. 
The typical results of 
infection are erythema 
and urticaria of the 
skin, bronchial ca¬ 
tarrh, and pain in the 
epigastrium, followed 
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by ansemia, and sometimes associated with dyspeptic 
conditions. The aneemia is mainly due not to re¬ 
duction of hsemoglobin but to increase of plasma. 
It is determined by individual susceptibility, and 
dose and frequency of infection. Many, jiersons 
harbouring the worm sufl'er from no syafptoms of 
disease at all. Dobson found eggs in the excreta of 
75 per cent, of the natives of Assam; and Boycott 
found them in 95 per cent, of workers in certain 
Cornish mines, although not more than 6 per cent, of 
the men were actually ill. The healthy worm-carrier 
is probably one of the chief factors in dissemination, 
and may continue to discharge ova for years. The 
disease has long been known as “ Egyptian chlorosis,” 
tropical antemia, or miners’ anasmia, but has only 
recently been fully described by Haldane, as “ Dol- 
coath ansemia.” It was no doubt the cause of 
miners’ aniemia in the St. Gothard Tunnel in 1880. 
It is now termed ankylostomiasis, and is recognized 
as an endemic disease of warm climates, readily 
introduced into temperate climates by dissemination 
of the worm, and very widely distributed. The effect 
of temperature operates, however, in cold climates. 
For instance, Tenbolt has shown that in Westphaliap. 
mines where the temperature is below 17° C. the cases 
of ankylostomiasis (an»mia) per 1,000 men employed 
underground were only 0‘6, whereas where the tem¬ 
perature was 20-22° C. they were 2'6, where it was 
22-26° C., 1 l'7,and where above 25° C., 39’9 per 1,000. 
Treatment consists in purgation (calomel), followed 
by three successive doses of 30 grains of thymol. 
In Westphalia ethereal extract of male fern is used. 
Preventive measures are based upon personal pre¬ 
cautions against ingestion or skin infection, and 
against the fteenl contamination of the soil and water. 
The separation of the diseased from healthy persons 
is necessary. 
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Trichina apiralls attacks rodents, pigs, and many 
other animals besides man, causing the disease known 
as trichinosis. It is found in the tissues, and espe¬ 
cially in the muscles, in the form of ovoid cysts 
about in. in length, just visible to' the naked eye. 
Within each cyst is coiled an immature trichina, 
about ^ in. long. The encapsuled trichinae may re¬ 
tain their vitality for many years, or may ijerish and 
become calcified. If the tissues in which they lodge 
are eaten, the capsule is dissolved by the gastric juice, 
and thfe liberated trichinse rapidly develop, the male 
attaining in.one or two days a length of in., the 
female i in. Ova are formed and impregnated, and 
are hatched within the uterus in about a week. The 
embryos escape, burrow into the walls of the intestine, 
and find their way into the tissues of all parts of the 
body, where they become encapsuled and form the 
cysts already described, within a month from the 
ingestion of.the trichinous food.. 

Trichinosis in man is generally due to the con¬ 
sumption of the imperfectly cooked flesh of a pig 
suflering from the disease. In countries where 
ham, pork, and sausage are eaten raw, trichinosis 
'is of far more common ocourrence»tban in England. 
The symptoms commence within a week, with nausea, 
abdominal pain, irregularity of the bowels, prostra¬ 
tion, rapid pulse, and elevation of temperature. 
The malady usually increases in severity for one 
or two weeks, and then gradually subsides, but fatal 
enteritis, peritonitis, or pneumonia may supervene, 
or the patient may die of exhaustion at any time 
from the end of the first to the end of the sixth 
week. Characteristic symptoms attend the invasion 
of the tissues by the parasites. The muscles become 
painful, tender, swollen, and stifiT, so that the limbs are 
flexed and motionless. The voic« is often hoarse or 
aphonio, from implication of tUb larynx. The pain {p 
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the limbs differs from that of rheumatism in not affect¬ 
ing the joints, but only the muscles. CEde,ma occurs 
early, first in the eyelids and face, next in the hands 
and feet, and may become general and involve the 
serous cavities. The other symptoms includ^e increas¬ 
ing prostration and copious perspiration. 

Various forms of Fllaria may infest man, par¬ 
ticularly in the tropics, setting up filariasis, abscess, 
lymphangitis, chyluria, elephantiasis, etc. f. bancrofli, 
rarely seen in the adult form, is a hair-like parasite 
and may attain a length of 3 or 4 in. An immature 
form, met with in cases of chyluria, is about ^ in. 
long. Tlie ova are about ^ in. long, and, having 
no distinct shell, their shape is somewhat irregular. 
The parasite is found chiefly in the East and West 
Indies, but occasionally in England, even among per¬ 
sons who have never left the country. The mosquito 
is its intermediary host. It abounds in the blobd of 
affected persons during the night (Filaria nocturna, 
Fig. 56), but disappears from the circulation by day; 
by changing the habits of the patient this “ filarial 
periodicity” can be reversed. Its presence is com¬ 
monly associated with one of two diseases—chyluria 
and elephantiasis—due to the obstruction of the 
lymphatics, etc., by the parasite. The former is 
characterized by periodic attacks, in which the urine 
becomes milky and upon standing coagulates, but the 
coagulum soon breaks down and decomposition sets 
in rapidly. These phenomena have been traced to 
admixture of lymph with urine, and immatureyffan'm 
are visible under the microscope. Elephantiasis is 
attended with enormous errlargement of the trunk or 
limbs, and especially the legs and generative organs 
(E. arabum). 

Filaria medinenaii vel dravuneulus, or Guinea- 
worm, is about in. in diameter, and usually 1-3 ft. 
long. It is endemic in certain tropical regions. The 
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embryos affect minute aquatic Crustacea (Cyclops), 
in which they undergo larval development. Later 
they gain access to the 
V human tissues (by 

drinking - water or 
infection through the 
skin). They burrow 
in the tissues, especi- 
ally of the legs, caus¬ 
al' ing large boils and 

, sores. 

'' Faraaites ol the 

skin.—Acorus seabiei 
hotninU (Fig. 67, a, b) 
produces a pai’asitical 
disease of the skin of 
tho hands, wrists, feet, 
ankles, etc., known as 
scabies. The female 
aflarus barrows in the 
skin and deposits her 
ova in the deep epi¬ 
dermis. She has eight 
le^jj the anterior ones 
being suckers, the pos¬ 
terior ones bristles. 
The symptoms are 
itching, local irrita¬ 
tion, inflammatory re¬ 
action, and eczematous 
eruption in various 
Fit. S6.-Fii«ri. noewm.. parts of the body. 

The treatment is aimed 
*t destroying the burrows and the parasite and 
relieving subjective or secondary lesions. Hot air, 
soft soap, and shlphur ointment or vapour are used, 
and the clothes must be^ disinfected, Demodex 
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body louse, P. pubis, or crab louse, and P. capUis, or 
head louse (Fig. 57, c, d, b). They are the exciting 
cause of pediculosis. The lice are blood-suckers, and 
the signs of their presence are their bodies and the 


Fig, SS. -Tines sod ferae pereettM. 

At ringworm (Uicrf^poron audouinl) in hair, surface rieWf .wltih moeaie 
of epores, x SOO; e, ringworm (UlcTosporon audoaini) In hairs optical 


■poraa in elniters, x 260; w, ferns (Acborfon sebOnlehiUX showing 
afftotad hair, x 70; o, ferns (Aeliorion sohOulelnii), showing- fungus la 
a Croat, x 200. 

consequent irritation, minute hsemorrhages, excoria¬ 
tions, eto. There is sometimes pyrexia, and suppura¬ 
tion may follow.* The lice are found mtfflt oomttumly 
on the clothing, folds of lip^n'•and inside of collar, 
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The pediculns has an oval or triangular head and six 
legs. It is very prolific. Cleansing, insecticides (cresol, 
naphthalene, sassafras, etc.), and dry-beat disinfection 
of clothing constitute the treatment. The common flea 
(Pulex irritans) and the bug (Acanthia lect»laria or 
Cinex Ifctulariui) are often associated with pediculosis. 

The parasites which cause ringworm may be 
noticed here, although they are not animal parasites. 
They belong to two genera of fungi, microsporon 
and trichophyton, the former being concerned in the 
special type of school child ringworm. The types 
are differentiated by size of spores, and shape, arrange, 
ment, and mode of growth. The mycelium of the 
microsporons is irregularly jointed, curved, and branch¬ 
ing; that of the trichophyton (Fig. 58, d) is short and 
regularly jointed. The microsporon lies around the 
hair as a sheath, eats its way into the shaft, and grows 
downwards to the root; the trichophyton attacks the 
root and grows upwards. In both infections the hair 
breaks off short. Tinea tonsurans is mostly due to 
Microsporon audouini, and Tinea circinata to tricho¬ 
phytons. Ringworm represents a destruction of the 
hair and an inflammatory process set up by irritation. 
This begins with a papule which grows into a patch 
that may become as large as a clerical tonsure (hence 
tonsurans). The patch is studded with dry, withered 
stumps of broken hairs, and black dots, follicles, scali- 
ness, and baldness are prominent. Treatment con¬ 
sists of (a) epilation by X-rays or otherwise, (4) 
removal of superficial crusts, etc., (c) application of 
parasiticidal agents (iodine, carbolized glycerin, etc.). 
Tines versicolor is produced by Microsporon furfv/r 
(Fig. 68, B), and favus by the Acitorion sehiinleinii 
(Fig. 68 , p, o), which fills the hair with its my¬ 
celium and causes yellow cup-shaped crusts.. This 
latter condition is now rare in school-children in this 
country 



CHAPTER XII 

INFECTION AND IMMUNITY 

Certain diseases, the number of whioli is steadily 
increasing owing to improved methods of observation, 
are termed sijeoifio or infective, and are regarded as 
due to the invasion of the system from without by 
a definite germ, “ ferment ” or poison, which grows 
and multiplies in the body. In some of these diseases 
the agent of infection is given off again, and such 
diseases are therefore infectious, or transmissible from 
person to person. For the production of an infective 
disease there must be (a) a s))eoific germ or contagium 
of the disease, (6) a susceptibility to the infection 
(due to age, sex, predisposition, habit, environment, 
previous disease, fatigue, etc.) on the part of the 
individual, and (c) a means or channel by which the 
specific infection is conveyed. 

Modca of infection. —It camiot be said that 
the possible means by which infection is given off 
have been exhaustively determined in regard to any 
disease, but certain well-established modes may be 
mentioned, namely:— 

1. Inoculation, as in human vaccinia, rabies, 
syphilis, and some septic affections. 

2. Personal conveyance: (o) By the breath, as 
in smallpox, measles, whooping-cough, pneumonia, 
mumps, typhus, scarlet fever, and probably in the 
great majority of infectious fevers. Little is known 
of the distance* to which infection can be carried 
through the air; long ranges seem to be possible in 
smallpox, and may b.: suspected in measles and 

see 
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whooping-cough; typhus and plague only infect at 
shoi-t distances, and this is probably true of scarlet 
fever. The distance of infection is short in ordi¬ 
nary breathing, but relatively long in shouting, cough¬ 
ing, sneezing, ete. Recent investigation has shown 
that particles of “ cough-spray ” may be carried 70 ft. 
(Gordon). 

(b) By exkahlions, from the skin in typhus and 
possibly other diseases, from wounds in pytemia, 
erysipelas, and other septic diseases. 

(c) By des(jtumiated particlen of epidermis in 
scarlet fever, and pustules in smallpox. These may 
be carried by currents of air. 

(d) By secretions and excretions. Mucus from the 
mouth, throat, etc., is infective in diphtheria and 
scarlet fever; sputa in tubercular phthisis; saliva in 
rabies in dogs if not in man. The bowel excreta are 
infective in enteric fever and cholera, and possibly in 
diarrhoea. The urine is also a vehicle of infection 
in some acute specific fevers, as, for instance, in 
enteric fever. Syphilis and gonorrhoea are trans¬ 
mitted by means of the specific discharges. 

(e) By contact, kissing, etc. Diphtheria, venereal 
disease, and purulent ophthalmia may be thus con¬ 
veyed. 

3. Mediate Infection, on articles of clothing, is 
responsible for conveyance of secondary infection in 
hospital, in rag-sorting, etc. 

4. Food and drink.— Milk, water, and bacterially 
infected foods. 

5. The bite of certain infected insects, such as 
mosquitoes (malaria and yellow fever), 6eas (plague), 
or the carriage of infection by flies. 

Flitt ani The common housefly (Miuca dmutliet), 

non-biting, occurs in oU parts of the ;yorld. It breeds in hban 
of fermenting material, especially horse-manure. The life-cycle 
from egg to raatority occupies 3-4 weeks. Flies can travel 
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oonsiderable distanoas and can deposit bacteria from, the sur- 
faoea of their bodies and limbs, in tseoixl material, and in romit 
from the crop {Cfrahatn Smith). Some bacteria may oontinue 
to lire in the deal body of the fly. In one or other of those 
ways fli^ may act as carriers of disease germs. They are a 
principal factor in the dissomination of typhoid fever in mili> 
tary camps and tropical stations; and in femperate climatos 
they transmit epidemic diarrhoea, particularly in summer time. 
The annual diarrhoea epidemic in large cities seems to be cor¬ 
related in time-incidence, extent, and degree with the weather 
conditions which influence the emergence, activities, and num¬ 
ber of flies (iVtoFa, Roberlton, Ofohani Smith), They are at¬ 
tracted to tuberculous sputum, and can carry and distribute the 
tubercle bacillus contained in it fur SHveral days. Cholera, 
plague, yaws, anthrax, and infective ophthalmia m ty also be 
conveyed by flies. The htrvm of some species of non-biting 
flies cause myianii in man (skin, subcutaneous tissue, neglected 
wounds, and alimentary canal). Whilst flies can bo caught on 
papers or in traps, the only radical means of restricting them, 
and thus reducing risk of infection, is by removing or destroy¬ 
ing their breeding-placra. Blood-sucking or biting flies are 
now known to be iho agents of infection in various tropical 
diseases. In 1877 Hanson discovered that FUaria banorofti 
developed within the VuUjc mosquito; in 1895 Bruoe discovered 
his trypanosomi in the tsetse-fly; and in'1897 Ross demonstrated 
the relation of the proteotoma to the mosquito. Biting flies are 
now known to act as agents in the conveyance of malaria, 
sleeping-sickness, yellow fever, and possibly dengue. The in- 
feotioQ is diMOt and mechanical, or is indirect and involves 
oyclioal development as in malaria. ^ 

As regards the recipient, the mode of infection is 
also varied. Many diseases are conveyed through the 
air, and the virus is doubtless inhaled, lodging either 
on the fauces or in the lungs. Water is known to be 
able to convey the poison of enteric fever and cholera, 
and milk ^at of scarlet fever, enteric fever, and 
diphtheria, the poison in such cases being swallow^ 
It is probable that the specific organisms multiply in 
these media. Experiments seem to show that the acid 
gastric jQice kills, microbes that are not in the spore 
stage, but, since the ration is not acid in the absence 
of solid food, this safeguard is ii^mj^ete, especially 
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as regards water-borne virus. Infective particles car¬ 
ried by materials, clothing, etc., or conveyed by the 
hand to the mouth, may be inlialed or swallowed. 
Flies may convey infection to a raw surface, or to 
milk or other tood. An attempt is sometimes made 
to distinguish as “ contagious ” those diseases which 
aie not usually transmitted without direct personal 
contact; but this condition is not absolute, though 
favourable to the transmission of any infectious malady. 
Puerperal fever may Im regarded as an example of in¬ 
fection by contact or inoculation. A few diseases, of 
which rabies and vaccinia are typical examples, can 
only be conveyed by inoculation, that is, by lodgment 
of the virus in an abrasion of the skin ; this is the 
ordinary mode of infection in anthrax and glanders, 
although inlialation is also possible. Smallpox, tuber¬ 
culosis, syphilis, and certain other diseases are also 
inocnlable. Inoculation may occasionally take place 
through unbroken skin. This has been shown to be 
possible as regards virulent cultures of the glanders 
bacillus if rubbed in. Ankylostomum is believed to 
gain access through the hair-follicles (p. 348). 

In leprosy the mode of infection is still unknown, 
although the microbe has been isolated. Bven less, 
has been made out in regard to rheumatic fever, the 
specific nature of which, though probable, still remains 
open to doubt. 

“ De novo ” hypothesis. — Some authorities 
believe that certain specific diseases occasionally arise 
de novo, independently of infection from any previous 
case. This has been alleged more especially as regards 
relapsing fever, typhus, enteric fever, diphtheria, 
erysipelas, puerperal fever, hospital gangrene, and 
septiosemuL The closest examination often fails to 
raVeal any exposure to infection, and occasionally, 
tinder favourable conditions, tjiese diseases spring ttp 
in localities that have for years been entirely free 
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from them. The tendency of modern research, how¬ 
ever, is to hnd an adequate explanation in infec¬ 
tion conveyed by carriers,” by food, by insects, by air¬ 
borne micro-organisms, by lower animals suffering 
from the same disease, possibly with widely different 
manifestations, or by aberrant forms or unobserved 
attacks in man. The supposed logical necessity for a 
“ previous case,” that is, of an immediately antecedent 
human case, has lost some of its significance since we 
have learned to recognize the actual living agent or 
germ, to detect it in air, water, and soil, to cultivate it 
in artificial media for indefinite periods, to transmit it 
to lower animals, and to increase or lessen its virulence 
at will It is noteworthy that most of the infective 
diseases suspected of origin de novo are tilth-diseases, 
and due to microbes that can be cultivated outside 
the living body. Further, it has been found that 
there are non-pathogenic mici’obes of wide distribution, 
which in every point except virulence closely resemble 
the specific microbes of enteric fever and diphtheria; 
and non-pathogenic bacilli, morphologically similar 
to anthrax bacilli, have been found to be protective 
against anthrax. Some authorities regard these harm¬ 
less microbes as being probably generically associated 
* with the virulent microbes that tb%y resemble, and 
therefore capable of assuming a virulent character if 
cultivated under suitable conditions—a view that re¬ 
introduces the de novo hypothesis in a new form. 

Endemics, epidemics, pandemics.— Many 
of the specific diseases, and especially those that 
have relation to telluric conditions, attach themselves 
more or less permanently to certain localities, and are 
termed endemic; thus, cholera has been endemic in 
the delta of the Ganges, leprosy in parts of Norway, 
the plague in India and elsewhere, and in a less 
marked degree diphtheria, enteric, and scarlet fever 
may be said to have been endemic certain dist^ots in 
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England. From time to time most diseases of the 
specific class become widely prevalent over a larger or 
smaller area, and are said to be epidemic. Thus 
cholera in an epidemic form occasionally spreads west¬ 
ward over Europe, disappearing almost entirely in 
the intervals. Smallpox, scarlet fever, merles, and 
other diseases, which are always present in England, 
assume an epidemic form every few years, locally 
or in widespread outbreaks. Occasionally a disease 
diffuses itself so generally over a great part of the 
globe as to constitute a pandemic. 

The causes of such outbursts are still imperfectly 
known. They have been attributed vaguely to “ epi¬ 
demic constitution ” of the air, to “ pandemic waves ” 
of unknown nature, and, more intelligibly, to climatic 
and meteorological conditions, accumulation of sus¬ 
ceptible persons or animals, increased virulence of 
infective agent, facilities for convection or trans¬ 
mission, and (as regards cholera and other filth- 
diseases) impeiWt sanitation. Scarlet fever, in tem¬ 
perate climates where it has established itself perma¬ 
nently, tends to become epidemic at intervals of about 
five years; measles at intervals of about two years. 
Whooping-cough is more irregular than either, but on 
an average becomes prevalent every second year.* 
Diphtheria shows no very marked periodicity, apart 
from its dependence upon season, and enteric fever 
little or no regular periodicity. 

It will be seen subsequently that the liability to 
each kind of infection varies in man according to 
age and sex, as well as locality, climate, season, and 
surroundings. Similar variation occurs among the 
different races of men, and still more conspicuously 
among the different genera and species constituting 
the animal kingdom. 

Briefly, the occurrence of oiitbreaks is due to three 
factor* of epidemiology: (a) an infective agent, the 
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virulence and degree of infectivity of which ie rela¬ 
tively high; (6) alarge number of susceptible persons; 
and (c) a favourable association and environment. 
The infective agent may be imparted or conveyed by 
various channels, including animals and insects. The 
relative s^isceptibility or immunity of the population 
is all-important. The environment includes various 
factors attecting the virus or the person infected, such 
as climate, temperature, soil, housing, aggregation of 
persons, schools, etc. The rise and fall of epidemics 
follow a recognized course, and depend U|>on a varia¬ 
bility alld persistency of type of infection as well as 
variations of -susceptibility and environment. 

The more important specific dineases of mimaU communicable 
to man are vaccinia, plague, tuberculosis, anthrax, rabies^ 
tetanus, glanders, actinumycosis, and septiommia. Influenza 
ought possibly to be added to the list. There is reason to 
believe that some fom of diphtheria and scarlet fever may 
affect the cow. Yuriolous diseases attack sheep and other 
animals, but are probably not identical with smallpox. 

Incubative period.— A latent or incubative 
period intervenes between infection and the appearance 
of the first symptoms of the disease. It is fairly 
constant for each disease; but shorter and more 
-uniform when infection is due to moculation or in¬ 
gestion, and in rabies, naturally produced, is depen¬ 
dent further upon the position of the bite of the 
rabid animal. 

Little is accurately known of the changes that 
occur during incubation, beyond’ the fact that the 
toxin is multiplying in some part of the system.* 
onset of symptoms is usually gradual in enteric 

* ConcarrenM of two distioot zymotic dlaeues Is occasionally observed. 
Vaej^aia and smaUpoT, meaales and wbooplag*cough, measles and soariet 
fever, meules and mumps, whooping'Coogh and chlckespox, are among 
tbe least rare examples. According to Sqnire, diseases with similar In'ou* 
battim (Le. both long or toth short) may run their course indeppndently 
without interfering with eaob other, but If two diseases with disalqtiw 
ineiibation arc acquired at tbe xame t(aa*i one the other is delayed* ‘ 
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fever and a few others, but sudden in the uajority. 
The temperature invariably rises, and the character¬ 
istic phenomena of each malady follow with more or 
less intensity. A rash makes its api)earance upon 
the skin in certain of the infectious diseases, hence 
termed exanMmata; the date of its api)|arance is 
constant for each disease within narrow limits, and 
its distribution and other characteristics are also 
more or less uniform. The chief exanthemata affecting 
man are smallpox, varicella, scarlet fever, measles, 
rbtheln, enteric fever, and typhus. In exceptional 
oases the rash, like any other given symptom, may 
l)e absent or modified. 

Course of dtaease. —Infective diseases follow 
a definite course— infeelioti, incubation, invasion, de¬ 
termination —ending in death, or in recovery with or 
without permanent changes in tissues and oigans. 
Some, however, like syphilis and leprosy, run a life¬ 
long course, white malarial diseases tend to recur at 
regular intervale, or after years of apparently complete 
recovery. Babies and some other diseases are, as a 
rule, rapidly fatal, while rotheln, mumps, and vari¬ 
cella are attended with such slight constitutional 
disturbance that death is very rare. The tendency 
to death may be dependent upon constitutional symp' 
toms such as hyperpyrexia, on local lesions as in 
enteric fever and diphtheria, on complications in the 
course of the disease (often really part of the disease 
itself), or, lastly, on sequeles affecting important organs! 

lio intensity of any given disease is subject to 
wide variations. Thus, smallpox may be so virulent 
as to kill the patient before any rash appears, or so 
mild that only one or two spots, sometimes none, may 
appear. Scarlet fever sometimes is malignant and 
rapidly fatal, in other cases so slight as to escape 
recognition. As a rule, the type, whether severe or 
the reverse, bolds good for the majority of attacks in 
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a given outbreak, or at all events in the same period 
of the outbreak; but it is commonly more intense in 
the earlier than in the later part of an epidemic. 
As I’egards purely seasonal variations, however, there 
is reason to believe that in scarlet fevej', and probably 
in other (diseases also, increased prevalence is asso¬ 
ciated with diminished average severity, as measured 
by the proportion of deaths to attacks. Age and 
sex have an important influence upon severity of 
attack as well as upon susceptibility, varying with 
different diseases ; thus scarlet fever, whooping-cough, 
and many other diseases become less and less dangerous 
to life from infancy upwards, while in enteric fever the 
reverse is the case. Both scarlet fever and smallpox 
are less liable to terminate fatally in females than in 
males, and the same seems to be true also of influenza. 

The germ theory, broadly stated, affirms that 
certain specific diseases are invariably associated with 
the growth and multiplication in the system of corre¬ 
sponding specific microbes, and that these microbes 
are the primary causes of the disease. The evidence 
is partly direct, partly indirect. 

1. In regard to a few diseases the proof is complete, 
^ince—(a) a specific microbe is invariably discovered 
in the blood or tissues of animals suffering from the 
disease in question ; (6) this microbe can be cultivated 
in artificial culture media, for any required number 
of successive generations; (c) the same disease is re¬ 
produced by inoculation of a susceptible animal with 
the last cultivation; and (d) in every such inoculated 
animal the specific microbe is found, with the same 
distribution as in animals infected in the ordinary 
way.* 

* To thesA four postulates, foi-mulated by Koch, Martin has added a 
flfth, namoly, that Uie seconoary infective agent (toxin) separable from 
the tissues in the natuiigl disease should have similar cnemical and 
physiolfutioal action to the products obtained from a pure cultivation of 
the microbe. Agglutination may prove to be ai«ixth postulate.' 
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The third stage (c) being, as a rule, inadmissible as 
regards man, the complete proof is piaotioally limited 
to diseases that attack some lower animal. Of those 
affecting man (as well as lower animals), anthrax 
and tuberculosis have been fully proved to be associ¬ 
ated with specific microbes, and similar* complete 
evidence is forthcoming in rc.spect of many diseases 
attacking lower animals only. 

2. A characteristic microbe is constantly found in 
the blood or tissues of persons suffering from certain 
other diseases—e.g. relapsing fever, enteric fever, 
diphtheria, leprosy, pneumonia, cholera, etc.—although 
the proof of causative relation is incomplete. In 
several diseases, however, which from analogy are 
nevertheless believed to be microbial, no specific or 
characteristic organism has been isolated with cer¬ 
tainty. Measles and whooping-cough may serve as 
examples. 

3. There is a close analogy between the natural 
history of infection and that of organized living 
ferments such as yeast, in respect of the almost infi¬ 
nite multiplication of an infinitesimal charge planted 
in a suitable soil under suitable conditions, and also 
in respect of the effect of reagents in checking or per¬ 
manently arresting their increase. 

Tlie germ theory is now generally accepted, even in 
respect of those specific diseases, such as rabies, in 
which no characteristic microbe has yet been isolated. 
The chief alternative view which has been advocated 
is that infection is due to an unorganized chemical 
ferment, comparable to diastase, the microbes being 
regarded as (at most) effects or collateral phenomena 
without causative influence as regards disease. 

What the precise relation between the germs and 
the production of the varied phenomena of disease 
may be is less clear. Under certain conditions the 
enormous multiplication of the microbes may lead to 
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obstruction of vessels—a “ meohanical mycosis ”—but 
the ordinary course of symptoms cannot be accounted 
for by any mechanical effects of such minute par. 
tides. They act mainly by modifying the physiological 
processes of the tissues—e.g. by depiivihg the red 
corpuscles of oxygen, or by forming some chemical 
product (or toxin), as a result of lieir growth and 
multiplication, which in its turn diffuses and acts 
as a poison. 

Bacteria and disease. —The terms microbe, 
micro-organism, bacterium, germ, are applied almost 
indifferently to an increasing number of these micro¬ 
scopic organism*^. They are destitute of chlorophyll 
and consist of protoplasm enclosed in a cellulose 
membrane. They multiply by fission, and are there¬ 
fore termed Sehizomycetes, or fission fungi. The 
common basis of primary classification is founded 
upon morphology as follows— 

Micro<K>cci.-^Minuto spherical mici*obes, without cilia. 
They multiply by eloDgating and thou dividing transverst^ly, 
forming ^\ploeoce% (i.e. pairs), atreptococei (cliains), staj/hploeoeei 
(clusters), tarana (square groups of four oouci, or multiples of 
these), or zooglaa (irregular masses embedded in a gelatinous 
matiia). 

' BAcilli.—Uod-shaped, with rounded or square-cut ends; 
longer than they are broad. Some have flagella, others have 
not and are immotile. They elongate, and may form rods of 
any length, or divide transve»oiy into separate short rods or 
chains of rods or zoogloea. Some bacilU form spores under 
certain conditions, among which may be mention^ moisture^ 
suitable temperature, and presence of oxygen. The spores are 
round or oval glistening b^ies, which app^ In the substance 
of the bacillus, and grow at the expense of the protoplasnr 
until tihe sheath borats and libemtM them. They are extremely 
resistant to heat and cold, but in certain culture media spores 
readily germinate, a projection appearing at one point and 
growing into a bacillus. 

Spiriilai spirochaits, and vibrionns.—Lcng, wavy, 
end motile (ciliated) fllnments. Borne of tl^ are non-septate, 
oUiere are subdiviaed and may bre^k jpto^acillary elements^ 
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M, for example, Koch'e spirillum of cholera, which ishuowu in 
a bacillary form as the comma bacillus of cholera. 

The higher bacteria include the more highly organized 
members of the Schizomycetes which branch and reproduce 
themselves by terminal fructification in Conidia. To this 
group belong lep^othrix, cladothrix, and streptothrix. The 
hist-named seems likely to become the most import^t member 
of the group from a pathogenic point of view. TTie exact 
biology of these higher bacteria has not been finally worked 
out, and it is possible that further research may show that 
sometimes they are but stages in the life-history of an organism 
appearing at some stage in bacillary form. 

Microcoeci are of constant occurrence, and patho¬ 
genic in septic processes, acute suppuration, acute in¬ 
fective osteomyelitis, cerebro spinal meningitis, Medi¬ 
terranean fever, and erysipelas. There is strong evi¬ 
dence of the same relation in pneumonia, gonorrhoea, 
ulcerative endocarditis, scarlet fever, and puerjferal 
fever; micrococci are generally present in active lymph 
of vaccine and smallpox, and the virulence is lar^ly 
or wholly lost when they are removed by filtration; 
but beyond this tho proof of their being the actual 
maleriea morbi is incomplete. Ammoniacal fermenta¬ 
tion of urine is determined by M. urm, which converts 
urea into ammonium carlmnate. Certain diseases of 
animals are believed to be due to specific micrococci, 
which are also concerned in decomposition. 

BaoiUi are known, to be pathogenic in anthrax, 
tuberculosis, tetanus, glanders, plague, and lept^y, 
and are believed to be so in enteric fever, diph-. 
theria, septiciemia, influenza, and various forms of 
food intoxication. Many diseases affecting lower 
animals are due to specific bacilli, and among them 
malignant oedema, swine fever, and Sauimbran^ 
(“symptomatic anthrax" or.“black leg”). The fer-, 
mentation of cheese' and butter, and the souring of, 
milk and cream, are likewise due to bacilli. Each; 
fermentation and most forms of decomposition possesa 
(t specifip.-.|erment of this nature. 
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Spirillum obermeieri is found in the blood during 
acute relapsing fever; the spirillum of cholera, or 
Vibrio cholera aeiatiea, is regarded as the cause 
of cholera; Spirochata pallida is associated with 
syphilis; and other forms occur in pertain tropical 
diseases (<yaw8, etc,). 

It should be mentioned that other micro-organisms, 
not classed with bacteria, have relation to disease and 
fermentative processes. Thus, thrush is due to Oidium 
albicans, a mycelial form of a torula {Saccharomyces 
mycodervta). Mycelial growths, with spores or conidia, 
are associated with ringworm ( Micro»po>-a and Tricho- 
phyta), favus' (A cAorion schbnleinii) and pityriasis 
versicolor (Microsporon furfur). (See p. 358.) 

Actinomycosis is characterized by the presence 
of a mycelial growth, with masses of club-shaped 
corpuscles radiating from the centre-—the Strepto- 
ihrix actvnomycea (or ray fungus). Somewhat similar 
organisms are the Streptothrix madura (occurring 
in Madura foot), and the pathogenic streptotriches 
described by Koulerton and others. These all be¬ 
long, provisionally, to the higher bacteria. Minute 
amoeboid bodies termed Plasmodia (Hamatozoa) are 
pathogenic in malaria, and parasitic amoebae, twelve 
times the size of white blo^-corpuscles, have been 
found in the intestines and faaces in cases of dysen¬ 
tery, and in pus from tropical abscesses of the liver 
associated with dysentery. 


The origin of cancer is unknown. In its initial 
stages the disease is purely local, then gradually it 
spreads to the adjacent tissues, infecting also the 
lymph-glands which receive the lymphatics from the 
affbcted area, and ultimately general infection (dis¬ 
semination) of the body follows. Thus it appears to 
be of parasitic origin and may eventually come 
to be defined as a chronic infective disease due 


to a microparasite which selScig Ai epithelial cell’’, 
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(Bland-Sutton). Modification of vestigial or embry¬ 
onic cells and trauma have also been suggested as 
probable causes. 

Organisms destitute of chlorophyll, having their 
habitat in living,hosts, animal or vegetable, are termed 
parasites, while those living upon dead organic mate¬ 
rial are known as saprophytes. Many microbes are 
capable of fulfilling Imth parts, though not neces¬ 
sarily with equal facility. Parasites that have not 
been found to grow under any known conditions as 
saprophytes are distinguished as “obligate,” others 
as “ facultative.” Bacillus antkrads is an example of 
a facultative parasite, and the unknown microbes of 
rabies and many other infective or inoculable dis¬ 
eases may be provisionally classed as obligate, Culti¬ 
vation in artificial media, that is, a form of sapro- 
phytism, is essential for the complete testing of the 
pathogenic nature of a given microbe. Bacteria may 
therefore be classified as parasitic and saprophytic, or 
pathogenic and non-pathogenic. Other classifications 
may depend upon the characteristic growth of bacteria 
in artificial media in pure culture, and their efifect 
upon such media, and whether they grow under 
aerobic or anaerobic conditions. 

The action of microbes is essentially one of oxida¬ 
tion. As a rule carbonic acid gas is given off, but many 
known and unknown bodies are formed coincidently, 
which vary greatly with the pabulum as well as 
with the microbe. Among these are poisonous alka¬ 
loids (toxins), which, so far as cerbiin pathogenic 
microbes are concerned, are usually to be regarded as 
the immediate agents in the production of disease- 
symptoms. They are soluble, and even when freed 
from their respective microbes have in certain cases 
been found to be capable of producing a slight and tran¬ 
sient appearance of charaoteristio symptoma They- 
may also be protective against disease, and it has been 
T 
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shown, for example, that the injection of filtered fluid 
in which anthrax bacilli have been cultivated protects 
against subsequent or even coincident inoculation with 
virulent anthrax. Hankin isolated from cultures of 
the anthrax bacillus an aJhwnoae, iuiection of which 
into miice renders them insusceptible to anthrax. 
Brieger and Fninkel have isolated pathogenic albu> 
moses from cultures of the specific microbes of diph¬ 
theria, enteric fever, cholera, and tetanus. Koux and 
Yersin believe the soluble poison to be a ferment, and 
Martin has shown that in anthrax and diphtheria the 
microbe produces such a ferment or erwyme, which 
reacts on th^ tissues to form albmnoseSi and that these 
break up into simpler bodies, whicli possess the 
specific toxic virulence and protective power. 

Cultivation* — Microbes derive oxygen either from 
the air or from ootnpounde oontnining oxygen; in the former 
case they are termed aerobic^ in the latter anaerobic. Yeast 
(Saeeharomycef cerevieia) w anaerobic,^and acquires oxygon at 
the expense of the sugar, which is reduced to alcohol; the 
“vinegar plant,” Mycoderma aceti^ is aerobic, and oxidises 
alcohol into acotic acid. Aerobic microbes grow best at the 
surface of a liquid, anaerobic oiganisnis deeper down away 
from contact with air or aerated layers of fluid. The dis¬ 
tinction is not absolute, and many mic^bes, as already men¬ 
tioned, can exist under either condition {facultative anaerobes). 

Besides oxygen, microbes require nitrogen, which some are 
able to take from salts, such as ammonium tartrate, while others 
can only assimilate* it from albumin or gelatin. Carbon is 
necessary, and also inorganic salts, including sodium, potas¬ 
sium, and phosphoric acicl Cultivation media should be 
neutral or faintly alkaline. 

Both liquid and solid media are used. Among fluid media 
are broths made from various kinds of ^meat, peptones and 
meat extracts, Pasteur’s solution (water containing cane 
sugar, ammonium tartrate, and yeast-ash), Cohn's solution 
(water with ammonium tertrate, potaraium phosphate, tricalcio 
phosphate, and ma^eaium sulphate), and bile-salt and sugar 
solutions. Some of the more common solid media are boiled 
potato, solid egg-albnmin, blood serum, agar-agar, nutrient 
g^tin (gelatin with admixture “meat extra^), bile-salt- 
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glucose broth or peptone, lactose media, etc. The medium 
must be adapted to the organism. 

After thorough sterilization by heat, media are kept in 
sterilized tost'lubes, guarded, by means of sterilized plugs of 
cotton-wool, against infection by air-bome germs. Each tube 
may then be inocilated ” by means of a preriously sterilized 
platinum wire cherged with the microbes to be cultiv^ed ; the 
wool plug is removod momentarily for this purpose, and then 
roplaced. Potato cultures are made by inoculating the freshly 
cut surfaco of a boiled potato cut in strips add placed in 
sterilized test-tubes. For plate-cultivation, a small portion of 
the liquid under examination is diffused through melted 
nutrient gelatin or other suitable medium, and then poured 
into a Petri phito (which is a dal, riiallow glass dish having a 
glass cover), and allowed to solidify by cooling; protection from 
aerial germs is afforded by the glass cover. Tne temperature 
must be kept constantly at the point which experience has 
shown to he most favourable lor the microbe in question. For 
this purpose an ** incubator” is used, in which the temperature 
is regulated automatically. (Koom-teiuperature or cool in¬ 
cubators are regulated at 18-22" G., and blood-heat incubators at 
37-38® C. The temperature is controlled by thermo-regulators.) 

Liquid media which solidify offor great advantages. If 
more thaii one variety of microbe is present, the resulting 
colonies tend to remain distinct, and it is comparatively easy 
to establish a pure cultivation of each by inoculating afresh 
from it. Plate-cultivations are especially useful in this way, 
since by regulating the proportions the distribution of the 
colonies may bo made as sparse as is necessary. Accidental 
contamination by aerial organisms is readily prevented. 
Another important advantage is that pure cultivations upon 
solid media frequently exhibit naked-eye peculiarities of out¬ 
line and characters of growth that are important as means 
of identification. Another method of obtaining a pure 
culture is adopted by cultivating under conditions inhibi¬ 
tory to some microbes, but not to certain others: this is effected 
by adding phenol {rarielli)^ taurocholate of soda {McConk^y), 
crystal violet {Driyalifki and Oonradi), etc., or by maintaining 
the temperature at 46'’' 0. 

Among the points of differentiation for the separa¬ 
tion of the large number of varieties of bacteria are 
the following: (a) Microscopic,appearances, as to 
form, size, stiruoture, movement ; (6) effect of certain 
staining and decolorizing agents; (c) media in wfaieb 



373 INFECTION AND IMMUNITY [chap. 

growth occurs, and temperature required ; (d) rate of 
growth; (e) macroscopic (and if necessary microscopic) 
appearance of cultivation in solid media, including 
.form, colour, distribution (superhcial or deep), lique¬ 
faction of gelatin, production of ga«, acidity, toxins, 
etc.; (/) results of inoculation upon animals; and 
(g) agglutination tests. 

Attenuation of virus has been effected in 
several ways. 

1. Subculturing from old cultures.—Pasteur 
tound'that an organism retains its virulence unim¬ 
paired for a short time only if kept in sealed tubes, 
or if cultivated with a minimum interval between the 
successive cultures. If, however, the cultivation is 
allowed to remain for weeks or months without sub¬ 
culturing, the virus is attenuated, and, when inocu¬ 
lated, causes a mild but protective form of the 
disease. 

2. Cultivation at high temperatures.—Pasteur 
prepared a “ vaccine ” (i.e. an’ attenuated virus) of 
anthrax by cultivating the bacilli for three weeks 
in air at 42-43° 0. There is no visible change in 
the mode of growth during this period except that 
spores are rarely if ever formed, bjit spore formation 
ir immediately resumed if the bacilli are transferred 
to a fresh culture at ordinary temperatures. The vinis 
becomes more and more attenuated if the temperature 
is maintained, and in about a month the bacilli ail 
perish. The attenuation is brought about more rapidly 
at higher temperatures; a few days suffice at 45° 0., 
a few hours at 47° 0., a few minutes at 60-53° 0. 
The original virulence is regained speedily upon 
transferring the attenuated bacilli to fresh mMia 
at ordinary temperatures, if the attenuation has been 
rapid. If, howpver, it has been slow, it is difficult to 
restore the virulence, except animal inoculation, 
and not always then 
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3, By heating or drying, as in black-leg of cattle 
and rabid spinal cord. 

4. Cultivation in presence ot inhibitory reagents. 

—EUein cultivated anthrax bacilli in gelatin containing 
0'0026 per cent,of mercuric chloride, and obtained an 
attenuated virus which for a time protected* guinea- 
pigs. Cultivations from the attenuated virus were 
virulent Other reagents, including potassium bichro¬ 
mate, phenol, and terohloride of iodine (for tetanus 
bacilli), have been employed in like manner; or the 
organism may be grown on a medium which is either 
slightly too acid or too alkaline. 

6. Transmission through Insusceptible animals. 
—Anthrax bacilli from sheep or cattle cause fatal 
anthrax if again inoculated upon susceptible sheep or 
cattle, or upon white mice; but bacilli taken from 
white mice produce only a transient illness in sheep, 
which, however, is protective. Assuming Jenners 
view to be correct, vaccinia is an example of attenua¬ 
tion of virus, that of smallpox being so modified by 
transmission through the (insusceptible) cow as to 
produce a mild but protective form of the disease. 

It must not be forgotten that the opposite of at- 
temmtion. may also be obtained. Exaltation of virus 
results from early subculture on favourable media or 
the passage of the virus through susceptible animals. 

These changes brought about in the laboratory by 
artificial means find a close parallel in the varying 
virulence of epidemic diseases. Sometimes the type, 
whether of smallpox, scarlet fever, diphtheria, or 
measles, is malignant and fatal, and at other times 
the same disease i| so mild as to cause scarcely any 
mortality. 

Toxins and their efiTect. —When a pathogenic 
organism grows in the body, it produces as a result of 
its metabolism certain poisonous substances ierued 
tomns. These may occur as a direct result of the life 
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of the bacillus, or as a result of a ferment produced by 
the bacillus. Toxins are of various kinds, and by their 
effect upon the blood and body tissues they cause the 
symptoms of disease. Fever is produced by the action 
of albumoses (bodies allied to the albumins) upon the 
heat-rejmlating centres in the brain. ' Albumoses also 
cause a number of other symptoms and poisonous 
effects. Toxins act, broadly speaking, in two ways. 
They have a local effect (as in the formation of an 
abscess owing to necrosis of proliferating cells) and a 
general effect. The latter is caused when toxins are 
absortod and distributed generally throughout the 
body. When this occurs they produce degenerative 
changes in muscles, in organs, and in the blood itself. 
Of such a change diphtheria is an example. The 
bacillus occurs in a false membrane in the throat, and 
occasionally in other parta It first causes the inflam¬ 
matory condition giving rise to the membrane, and 
then it breaks it down. In the body of the membrane 
the bacillus appears to secrete a ferment which by its 
action and interaction with the body cells and proteins, 
chiefly those of the spleen, produces albumoaea and an 
organic acid (^Martin), which are the toxins. They are 
absorbed, and as a result we get the frequent pulse 
and high temperature of fever : the toxins irritate the 
mucous membrane of the intestine, and cause various 
fermentative changes in the contents of the bowel, 
and thus we get symptoms of diarrhoea: they pene¬ 
trate the liver, spleen, and kidney, setting up fatty 
degeneration and its results in these organs: they 
finally affect many of the motor and sensory nerves, 
breaking up their axis-cylinders, and producing the 
characteristic paralysis. There it now some reason 
to believe that the diphtheria bacillus produces three 
separate poisons, causing respectively general intoxi¬ 
cation, local oedema at the point of inoculation which 
may pass on to necrosis, and paralysis. 
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Toxins have sometimes been divided into extra¬ 
cellular (ferments, aibumoses, and alkaloids) and 
intracellular, or poisons present in the body of the 
bacillus and not “ available ” if the bodies of the bacilli 
be filtered out. 

The virus ot anthrax produces alburaose^ and an 
alkaloidal substance (Martin), the former causing 
fever, the latter tedema,congestion,and local irritation. 
Hankin holds that the bacillus first produces a ferment 
and then elaborates aibumoses, and other authorities 
are undecided as to whether it produces a soluble 
poison or only an intracellular toxin. In tetanus 
Ehrlich has isolated a spasm-producing toxin (tetano 
epaemin), and a crude poison capable of destroying 
red blood-cells by haemolysis (tetanolyain). The nature 
of the tetanus toxin (tetanine) is not determined, 
but it is known that it is a most powerful poison, 
probably less than grain being poisonous to man. 
Tetanus toxin has a marked affinity for the nervous 
system, though it exists in other organs from which 
it may be extracted by glycerin. In typhoid fever 
intracellular bacillary poisons exist, and a toxalbumin 
has been obtained which has pathogenic effects of an 
indefinite character. The plague bacillus and the 
cholera bacillus also contain intracellular toxins. In * 
glycerin-bouillon the tubercle bacillus produces toxin, 
and the bodies of the bacilli are themselves toxic. 
Tubercle toxin forms a peculiar acid (which causes 
caseation), and other substances producing fever and 
convulsions. 

The action of bacteria as disease-producers depends 
then (1) upon the effects of the presence of the bacteria 
themselves, (2) upon their power of forming, directly 
or indirectly, certain chemical organic products known 
as toxina, and (3) upon the individual attacked. The 
effects of bacteria, though very'diverse, may bo classi¬ 
fied generally as of a neerotie or a separative character. 
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leading to increased lunctional activity at first (such 
as phagocytosis), and subsequently to increased forma¬ 
tive activity (such as cell growth and subdivision). 
In most diseases the lesion has a special site (as in 
typhoid fever) and the body generally is only afiected 
indirectl,v. This localization may be due to specific 
action, or to point of entrance of the bacillus (as in 
malignant pustule). Secondarily to tissue changes, 
the body metabolism is afiected owing to the absorp¬ 
tion and distribution of toxins, and it is to this cause, 
as a rule, that the chief symptoms of disease are due. 
Finally, much depends upon the soil upon which the 
bacteria and-their toxins are implanted. It must 
never be forgotten that the individual’s body cells are 
an extremely important factor in the production and 
character of disease. 

Protective etreet- — An important general 
characteristic of specific diseases is their tendency, 
in the event of recovery, to protect the patient 
against a subsequent attack of • the same disease. 
This statement must be taken in a modified sense 
as regards syphilis, leprosy, and the malarial dis¬ 
eases. The protection is perhaps moat complete in 
smallpox, but in this, as in all others of the class, 
' second and even third attacks are” occasionally met 
with. In enteric fever, diphtheria, and influenza the 
protection is much less marked, and in erysipelas, 
phthisis, and septicmmia it can scarcely be said to exist. 
In all cases it diminishes with the lapse of time, its 
duration being dependent upon the nature of the 
disease, upon the amount of lesion (in vaccination, at 
all events), and probably upon idiosyncrasy. Klein 
has shown that protection against anthrax, though 
real, is very brief in gyineapigs, and much more 
lasting in cattle. Various conditions afiect both the 
onset and protectiveness of disease. Fatigue greatly 
incrnases-the susceptibility of rats*to anthrax. The 
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presence of sugar in the tissues (due either to direct 
injection of sugar, or administration of phloridzin) 
lessens the resistance to glanders and to suppuration, 
but not to anthrax or tubercle. There are also ex¬ 
amples of the virulence of a pathogenic microbe being 
intensified by flie presence of an otherwise^ harmless 
germ. Little is known as to any protective power 
of one specific disease against another, unless vaccinia 
be regarded as absolutely distinct from smallpox. 
Erysipelas has been found experimentally to be pro¬ 
tective against anthrax. 

Four principal hypotheses, in some degree over¬ 
lapping each other, have been advanced to account 
for the protection conferred by an attack of specific 
disease ;— 

1. The exhaustion or pabulum theory is that 
the microbes during the first attack remove some 
chemical substance necessary for their growth, the 
loss of this substance rendering farther attack impos¬ 
sible. This view involves the improbable assumption 
that the human body contains a special and separate 
pabulum suited to each specific disease to which it is 
liable, since a disease is only protective against itself. 

2. According to the acclimatization theory, the cells 
and tissues of the individual are in some way modified 
during an attack so as to be able to resist future 
invasions of the same microbe. The tissues, in short, 
have acquired a tolerance of the poison of a certain 
disease, and subsequently that infection does not 
produce the former symptoms of disease. 

3. The phagocyte theory, somewhat allied to the 
theory of acclimatization, is based on Metohnikoff’s 
observation that when virulent anthrax bacilli are 
inoculated into an insusceptible animal (such as a 
frog), the white (ammboid) blood-corpuscles absorb 
tV bacilli bodily, and presumably destroy them. The 
same happens when attenuated virus is inoculated, 
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even into susceptible animals; the bacilli may be 
seen partially or wholly embedded in the amceboid 
corpuscles. When a susceptible animal is inoculated 
with virulent anthrax, however, few if any bacilli can 
be seen inside the corpuscles. The inference to be 
drawn fi;om MetchnikofTs observations is that the 
amceboid corpuscles act as “ phagocytes,” or destroyers 
of pathogenic microbes; and that “protection” is 
largely, if not entirely, dependent upon this action. 
The same hypotheses may serve to account for the 
termination of an attack. It may be assumed that 
all the pathogenic microl)es perish or are elimin¬ 
ated at the end of an attack of most of the infections 
diseases, but pass into a quiescent stage in the in¬ 
tervals of malarial and relapsing fever. In tubercu¬ 
losis, leprosy, and syphilis their development may be 
progressive. 

Is 1903 Wright and llouglas found that no phagocytouB 
occurred if the leuoocytos were aeparatod from the blood plasma. 
They concluded, therefoi-e, that the leucocyte by itself was 
impotent, and that the ph;igocytosis was dependent upon some 
substance in the blood plasma. Subsequently they showed that 
this substance did not act directly upon tho leucocytes, but by 
combining with the micro-organisms prepared them, so to speak, 
for destruction by the leucocytes, hence this substance in the 
'plasma is termed opsonin {6 '^qv, a sauce of relish). It follows 
that the amount of phagocytosis is an index of the quantity of 
opsonin, and does not directly represent the vital HClivity of 
the leucocyte. Opsonins are believed to be distinct from 
iqi;glutittias and antitoxins, and possess apparently a high 
d(^ce of Bpecidcity. In normal serum they are almost com¬ 
pletely destroyed l>y heating for ten minutes at 60° C. The 
opsonic content of any blo^ is arrived at by coms^ring the 
amount of phagocytosis observed as a result of the activity of 
its serum with the amount of phagocytosis observed in the 
case of a normal serum used as a control. The figure so 
obtained is termed the “ opsonic index ” of the patimit’s 
blood; e.g. an opsonic index of 0*5 means that the blood con- 
tains one-half the t^rmal quantity of that specific opsonin. 
The opsonic index is a test of considerable value in estimating 
the trend of immunisation. 
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4. The antitoxin theory assumes tliat the first 
attack leaves iu the system some direct or indirect 
product of the efiect of the bacteria or their toxins 
(anliffen) which inhibits any further multiplication. 
As a result of infection, specific antibodies are formed 
in the blood which have antitoxic power, or the power 
of destroying bacteria {hacteriolysim). BorSet showed 
that such bacteriolysis was due to two types of anti¬ 
bacterial bodies—one the compliment, or al-exine, 
present in normal blood-serum (rendered inert by 
heating to 56“ C.), and the other the copula or aniio- 
ceptor (able to resist heating at .56'-’ C.), a “fixative” 
developed in immunized serum only. The serum of 
an “ immunized ” animal has also been found to 
possess properties enabling it to agglutinate bacilli or 
corpuscles (agglutinins), to destroy living cells (cyto- 
lysins), and to precipitate- the albumins of the serum 
(precipitins). The agglutinating power of natural 
immunized serum is now used as an ordinary labora¬ 
tory method of differential diagnosis (in typhoid, un- 
dulant fever, and dysentery). Complement fixation is 
similarly used, for example iu syphilis (see p. 484), 
For Imcteriolysins or hsemolysius to act it is essen¬ 
tial that complement should be present for fixation 
purposes (Bordet). • 

Ehrlich’s side-chain theory is an attempted ex¬ 
planation of the.se changes. He argued that a mole¬ 
cule of normal protoplasm is composed of a central 
atom cell with a large number of “side-chains” of 
atom groups. The central cell is the mother cell, the 
side chains are receptors, that is, cells liaving com¬ 
bining affinity with foodstuflEs by which nutriment 
is brought to the mother cell. These recept-ors are 
of two kinds, those having power of combining with 
molecules of simple constitution, and those having 
power of breaking up compound bodies by ferment 
action for purposes of assimilation. Toxins are 
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provisionally regarded by Ehrlich as possessing two 
kinds of elements, Imptophorom (i.e. the atomic 
group responsible for union with side chains of 
cells) and ioxophoroua (i.& the toxic atomic group). 
When introduced or occurring in the system, toxins 
are fixed, to the receptors by the former, while 
the latter' remain free and, if in sufficient number 
or quantity, produce toxic changea If the dose 
of toxin is small, the mother cell throws off the 
receptor plus the toxin (R + T), which thus becomes 
free in the Idood. The central atom group then 
produces new receptors, which in their turn are set 
free. Ultimately, the toxin being exhausted, there 
is over-generation of receptors and the excess of un¬ 
fixed receptors becomes free in the blood, constituting 
antitosdn molecules. Thus, when forming part of the 
mother cell the receptors anchor the toxin, which 
sets up toxic effects, but when the receptors are free 
in the blood (R -h T) wo have an inert compound 
without toxic effect. This ingenious theory assumes 
that antitoxins are normally present in the body in 
varying degrees, and when stimulated by introduction 
of toxin become increased. 

Such, then, are the hypotheses which have been 
Suggested to explain immunity. They cannot at 
best be said to be more than theories, and new 
knowledge may substantially modify or even sup¬ 
plant them. At the present time Ehrlich’s theory is 
generally accepted as explaining the production of 
immunity and allied phenomena. The antitoxin mole¬ 
cule has thus come to be looked upon as a protective 
substance, produced in the body cells as a result of 
toxic action, and held in solution in the blood serum, 
and there and elsewhere exerting its neutralizing in¬ 
fluence by combining with the toxins. These antitoxic 
bodies gradually incfea^ in the blood and tissues, and 
their a^ion is believed to fall into> two groups—(a) 
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mUiUoK, which counteract the effects of the poison 
itself; and (6) antimicrobie, which counteiact the effects 
of the bacillus itself. Other authorities hold that the 
antitoxin is not antibacterial. In any case, antitoxin 
must be lookeji upon as a normal constituent of the 
living cells which is produced in increase(^ quantity, 
and which combines with the toxin and lieutralises 
it. Of the chemical nature of toxins and antitoxins 
very little is known. Toxins, as we have seen, are 
probably of the nature of albumoses, and antitoxins 
probably have a molecule of greater size and may be 
allied to the globulins. Antitoxin has been shown 
to appear in the various secretions of the body as 
well as in the blood, though in a less concentrated 
state. The relation of the antitoxin to the toxin, and 
its mode of antagonism, are probably analogous to 
chemical union. 

Immunity, therefore, depends upon some property 
in the living blood serum which opposes or annuls 
the products and action of the infecting organism. 
BucWr designated these protective bodies, held in 
solution in the blood, alexines (complement of Ehrlich), 
and regarded them as belonging to the albuminous 
bodies of the .lymph and plasma. Alexines are 
naturally produced antitoxins; artificially produceH 
antitoxins are acquired alexines, corresponding to 
“natural” and “acquired” immunity. The term 
natural immunity is used to denote natural resistance 
to some particular specific disease. It may be due to 
species of animal, to ^e, or to individual idiosyncrasim. 
For example, cholera and typhus fever, which affect 
man, do not affect the lower animals. Swine plague 
does not affect man. The white rat is immune to 
anthrax, which readily attacks cattle. Acquired tm> 
munity is a protection not belonging to the tissues of 
individuals naturally and as part of their constitution, 
but acquired during life in one, or both, of two ways; 
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either it may be an involuntarily acquired immunityi 
or a voluntarily acquired immunity—a natural attack 
of disease, or an artiBcial attack such as that due 
to inoculation. Smallpox and a number of other 
diseases rarely attack the same individual twice, 
because epch of these diseases leaves behind it, so to 
speak, its antitoxic influence. Hence the individual 
has involuntarily acquired immunity against these 
diseases. An example of voluntarily acquired im¬ 
munity occurs in the old method of preventive in¬ 
oculation Sot smallpox, or variolation. This was an 
inoculation setting up an artilicial and mild attack of 
smallpox by which the protective antitoxins of that 
disease were produced. It was a voluntarily acquired 
immunity. This foi*m of artificial production of pro¬ 
tection is artificial immunity. Where artificial im¬ 
munity is produced by direct inoculation of attenu¬ 
ated bacteria in toxins (as in vaccination or Pasteur’s 
treatment of rabies) the condition is known as active, 
immunity ; where antitoxins are ino'culated (as in the 
antitoxin treatment of diphtheria) the condition is 
that of yataivi immunity. 

Therapeutics of immunity. — Pew recent 
advances in preventive medicine have been more re- 
ritarkable than the application of the new knowledge 
respecting immunity to the treatment of disease. In 
smallpox, diphtheria, tetanus, rabies, snake-poison, 
anthrax, cholera, plague, enteric fever, tuberculosis, 
streptococcal infection, and other disea.ses, serums or 
vaccines have been discovered and are now in daily 
use in treatment, prophylactic or therapeutic, and 
some of them also in diagnosis. Subsequent reference 
will be made to these remedies us each disease is con¬ 
sidered. 

Preparation of antitoxic serums and vaccines.— 

Immunizing serums* are of two kinds, antitoxic 
and antibacterial Antitoicio serum is usually derived 
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artificially from the horse. A healthy animal is 
selected and tested by tuberculin (diagnostic of tuber¬ 
culosis) and malloin (for glanders). It is then in¬ 
oculated with a dose of attenuated toxin, and sub¬ 
sequently witl^gradually increasing doses of virulept 
toxin, producing slight febrile attacks, un(jl a large 
degree of tolerance has been produced. The toxins 
used for injection are prepared by growing the organ¬ 
isms in suitable fluid media, and filtering oflT the 
Ixrdies of the bacteria. When a sufficient degree of 
immunity is reached a few days are allowed to elapse, 
and then 16 to 20 pints of the horse’s blood are 
withdrawn from the jugular vein, under antiseptic 
conditions, into sterilized flpsks. After coagulation 
the serum (about half the volume of the blood) is 
decanted and mixed with a small quantity of anti¬ 
septic. The serum is then tested for the presence of 
organisms and toxic properties by incubation in 
favourable media and by animal inoculation. If the 
serum be germ-froo and non-toxic it is ready for 
standardization, which is accomplished by inoculating 
a standard animal with a standard dose capable of 
neutralizing a given “ minimal lethal dose ” of toxin. 
In the case of diphtheria the death of a guineapig 
weighing 250 grm. on the fourth day is used as a* 
.standard, and equal quantities of toxin and antitoxic 
serum are inoculated to determine the capacity of the 
toxin to kill on the fourth day. A unit of antitoxin 
is that quantity of antitoxic serum which will exactly 
neutralize 100 minimal lethal doses. Antitoxic serums 
should be administered early, in large doses and of 
fresh preparation Antibacterial serum is made in a 
similar way, but the actual bodies of the bacteria are 
injected. In some antibacterial serums (streptococcic 
and pneumococcic) the presence of leucocytes seems 
necessary to the action of the sdrum 

Vaccination is an inoculation of an attenuated 
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virus. In vaccine treatment the patient is stimulated 
by inoculation to produce his own protective sub¬ 
stances ; in serum-therapy he receives protective 
substances formed in the body of another animal. 
Vaccines are prepared artificially from the strain of 
the bacterium producing the infection of the patient, 
which is isolate, cultivated under “ optimum ” con¬ 
ditions, and then killed in saline emulsion at its 
thermal death-point. The vaccine is then tested for 
sterility and preserved by the addition of antiseptic. 
Vaccineg maybe “autogenous” (prepared from the 
patient’s bacillus) or “ stock ” (prepared from the 
same type artificially grown). The preparation of 
glyoerinated calf-lymph and that of Pasteur’s vaccine 
for rabies are described subsequently. 



OHAPTEK XIII 
INFECTIVE DISEASES 
Smallpox 

Smallpox lias been described more or leas clearly 
in Eastern countries for nearly two thousand years, 
and more definitely in Europe since the sixth century. 
No part of the world is exempt from epidemic visite 
tioii; but in India and the Soudan it is so constantly 
prevalent that these may be regarded as endemic foci. 
Pandemic extension occurs from time to time, charac¬ 
terized by the enormous areas attacked, and by the 
malignant type of the disease. The last of these was 
that of '1871-2, which overran Europe and America, 
and caused in Ei^gland alone 42,000 deaths during the 
two yujire. 

The whole epidemic character of smalljiox has 
completely changed since the introduction of vaccina-, 
tion. The “ bills of mortality ” show that upon the 
average 7 to fl per cent, of the persons buried in 
London during the seventeenth and eighteenth centu¬ 
ries had died of smallpox, and in ei>idemio years the 
proportion often rose to 13, 15, or even 18 [wr cent 
The only approach to this state of things since the 
introduction of vaccination was in the pandemio year, 
1871, when 9'8 per cent, of the deaths in London 
were due to smallpox. The general mortality upon 
which this percentage is calculated is, of couise, far 
smaller in proportion to population than in the last 
century. Daring the greater part of last century 
smallpox became somewhat prevalent in London every 
sc 3Si 
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four or five yeara, but in the decade 1891-1900 
it remained at a very low ebb, although it rose 
somewhat in the first half of 1901-10, The same 
remarks apply more or less to the other Englisli 
towns, most of which suffered heavily in 1871-2, and 
with few exceptions have been unprecedentedly free 
from the disease in recent years. A severe epidemic 
occurred, however, in Sheffield in 1887-8, in the 
manufacturing districts of Yorksliire and Lancashire 
and at Gloucester in 1896, and throughout the country 
in 1902-3. The death-rate per million in England 
find Wales- has fallen from 411 in 1871-5 to 0'38 in 
1906-15. . 

Season,—'I’hc mortality curve for small)iox in 
England is above the mean from •faiiuary to June, 
and below it from .July to December. The New 
York curve does not differ essentially from this, but 
rises to a more definite maximum in May, In India 
the maximum is found to occur in the cold season, 
namely, in March or April. Soil does not appear to 
have any influence upon the prevalence of smallpox. 

Alp.—In 1884-5 it was found by Power that 
cases of smallpox in the surrounding districts fol¬ 
lowed the admission of acute cases into Fulham 
Hospital. He showed that, if the district were 
divided into zones, by means of circles drawn upon 
the map from the hospital as a centre, with radii 
of J, |, and 1 mile resi>«ctively, and an enumera¬ 
tion made of all the houses in each belt, and also 
of all houses invaded by smallpox, the proportion of 
invaded houses dimini^ed as the distance fium the 
hospital increased, and this relation held good in 
each “ quadrant" of each zone (Fig. 59). Within the 
quarter-mile zone there was only one approach to the 
hospital, and this was in the N.W. quadrant. The 
dismbntion of cases in the several quadrants was 
not such as to suggest any rdation to lines of 
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traffic or ambulance routes. Power’s conclusion was 
that diffusion only occurred when acute cases were 
aggregated, and perhaps only under certain atmo¬ 
spheric conditions that it is impossible as yet to 
define. 

Barry fouhd a similar radiation of infection from 
hospital upon a larger scale in the Sheffie® ejiidemic 

N 
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F)|. 59.—fncidcoee of troallpox upon dittriot aroand Fulham Hotp'tal. 
May 25th, 1884. to September 26tb, 1885. 

liie hIiuw Ihc iforcifncaKo of hoiibeit invaded la eu'.lt 1(1111(1^111 and 
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of 1887-8, but the possibility of personal convection 
could not be entirely excluded. Similar observations 
with similar results, namely, a graduated intensity of 
smallpox incidence as distance between a smallpox 
hospital and a populous neighbourhood became less, 
have been made at Oldliam.in 1893; Warrington, 
1892-3; Bradford, 1893; Glasgow, 1900-1; and the 
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Orsett Union, adjoining the site of the smallpox 
hospital ships in the Thames, from 1884 to 1902. 
These and other careful investigations leave little 
room for doubt tliat aggregation of cases of acute 
smallpox in the midst of populous areas favours the 
spread of the disease. 

Saiiifu(;4ioii*— Compared with infection, the iniiu- 
fmce of sanitary conditions is secondary, hut they 
exert an indirect effect in time of epidemic upon local 
incidence. Filth, overcrowding, poverty, and the 
absence of effective isolation are undoiibtedly favour¬ 
able to thfe spread of the disease. Neither water nor 
milk has been , shown to convey the infection of 
smallpox. 

and — The mortality from smallpox is 

greater among males, not only at all ages taken 
togetlier, but also, with few exceptions, at each age- 
period. The exceptions are the second and third years 
of life, and the tenth to the .fifteenth y(5ar, at all 
of which, from* .some unexplained cause, the female 
mortality slightly exceeds the male. 

The relation to age has to be considered with 
reference to vaccination. In pi'e-v.iceination times, 
os MeVail has shown from the FCilinarnock registers, 
90^ j)er cent, of the deaths were at* ages below .5 
years, the* actual maximum being in the second year. 
Under present conditions, the deaths under 5 years, 
being practically limited to unvaccinated children, 
constitute only 30 per cent, of the total smallpox 
deaths, and in this age-])eriod the greatest mortality 
occurs in the first year, being, indeed, highest in the 
first three months of life. It diminishes steadily 
from this point until about the fifteenth year, rises to 
a second maximum about the twenty-fifth year, and 
thenceforwai'd diminishes again. 

Race.— Coloured races, and especially negroes, 
have a peculiar susceptibility to smaUpox. They take 
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ifc more readily, and suffer a heavier case-mortality, 
than white races, apart from all question of vaccination. 

The inrubation period is usually 12 days, 
or, counting to the appearance of the rash, 14 
days, so that* the rash is scon on the tifteenth day, 
on the same day of the week that the iijffection was 
acquired, 'fhere are, however, e.vceptions to this 
rule. Inoculation of smallpox is followed by constitu¬ 
tional .symptoms on the seventh or eighth day, and the 
general rash appears on the tenth or eleventh. Kven 
after infection by more ordinary means it is stated 
that the latent period may range from 7 to 18 
days; and the rash is often delayed until the fourth 
day (i.e. the third after onset) instead of appearing on 
the third. 

Infection is given off, presumably by the bieath, 
from the earliest onset. The exhalations, the vesicles, 
pustules, and scabs are also highly infectious. The 
virus may be carried by air-currents, lus alraady men¬ 
tioned. It readily lodges in clothing, and retains its 
vitality tenaciously; hence outbreaks are Ihible to 
occur in paper-works and other manufactories where 
rags are employed. Isolation should be maintained 
for at least three weeks in the mildest ease, and 
always until every scab has disappeared—a process 
which, in confluent cases, will take six weeks, and 
often considerably longer. After exposure to infection, 
a quarantine of 17 days—to allow a margin over the 
fortnight — is sufficient. Second attacks are rare, 
except after several years’ interval. Third attacks 
are not unknown. 

DIngnoaia*—'the mediml oWiror of health is not infre¬ 
quently consulted as to the diagnosis of variola, and it may be 
desirablo therefore to add here the main points to be borne in 
mind as characteristic of the disease:— 

Sudden attacks of fever, hcadaclie, vomiting, backache (most 
marked in the lumbar and sacral regions) generally begin 
from 12 to 14 days after infection. Uigors am often present. 
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Vomiting and retching are sometimes severe. In children (end 
oven in adults occasionally) these initial symptoms may be 
obscured by drowsiness. 

The inkml symptoms last tm or three days before tlte 
eharaoteristie rash appears. But in some cases ticcompanying 
these symptoms are various foi-ms of mild w.uptions, which 
may simulabi measles or scarlatina. Such eruptions are fre¬ 
quently localizial to different parts of the body. 

'I'he characteristic eruption of smallpox appears about two 
days after the onset of the batikache, fovor, etc. It consists at 
first of a number of small red piinpKis or spots, which gradually 
enlarge and become bard and “ shotty ” to tho touch. After 
they have hpen out for about 48 hours they begin to become 
small bladders or vesicles, conbiining a< first clear, and, later 
on, purulent mattor (pustules). They are about the sixe of a 
split pea, are surrounded by a thin red iiono (or areola), are 
definitely raised above tho level of the skin, often assume the 
colour of ^ull pearl, and in many oases show a central depres¬ 
sion (umbilication). About the eighth or ninth day the pustules 
begin to dr^ up, so that, from the lir>t appeaianco of the rash, 
the successive stages of pimple, vesicle, and pustule occupy 
a^ut tea or eleven days. Simultaneously with its appeaiunce 
on the skin the eruption appears on tho mucous membrane of 
the moutn and patate. 

In persons who have beim vaccinated tho rash is somewhat 
modified (varioloid) and comos out more rapidly; the vesicles 
are smaller and less abundant, not so much dopres-sod in the 
centre, and may not become pustular. 

An important point is the dlsirihution of the rash. Tho 
first spots generally come out on the face, ^rticularly on the 
forehead and around the Hp'i. Almost immediately aftorwaiiis 
they appear on the limbs, being particularly marked on the 
wrists and ankles. Afterwards the rash appears on the back, 
whilst the skin on the front of the chest is loss affected and the 
skin of the abdomen least. A further point is that, as a rule, 
when the rash comes out the temperature falls anil the patient 
feels better. In rare instances the rwh is almost entirely 
snppressed, and therefore in times of epidemic the appearance 
of the premonitory svmptoms alone should arouse suspicion. 

The three most important aids to correct diagnosis are 
tiae premonitory symptoms, the character of the rash, and the 
distribntion of the rash.* 

* 

S€«“The Diagnosis of Hiusllpox,” by T. F. Bioketts, in wbioh this 
subjeet, partimilarly tbediagoostiosignlfManoe.otthfl distribution of the 
rash, is work^ nut In detail. ' • 



XHIJ 


VACCINATION 


391 


Precautionary measures to be taken in 
case of an outbreak of smallpox include—(1) prompt 
nolificalion of cases, suspected cases (and, if necessary, 
of chickenpox); (2) immediate and rigid isolation in 
hospital; (3) thorough disinfection; (4) tracing and 
supervision of all contacts ; (6) immediate vgxcinMion 
or revaceination of all persons who have been exposed 
to risk of infection, however remotely, those only being 
excepted who have recently (say within four years) 
undergone successful vaccination, or who bear marks 
of recent smallpox. Vaccination within a day or two 
of exposure, and followed by a normal reaction, is 
a certain preventive [Rkketts). No i-eliance can be 
placed upon verbal assurances as to previous attacks, 
or even as to vaccination, and after a time the 
protection of previous smallpox, as well as of vac¬ 
cination, may vanish. 

The pathogenic microbe of smallpox has not yet 
been isolated. Various observers hare described 
bacilli, micrococci, and protozoa which have been held 
to have etiological significance. 

Inoculation of smallpox {varwlation), already refeired to 
(p. 382), was generally practised in England in the eighteenth 
century, having been introduced from the East in 1721 by ljudy 
Mary Wortley Montagu. It seems to have been customary to in¬ 
oculate from the primary vesicle, not from the secondary rash. 
Mild cases were selected, and the lymph was taken before 
suppuration sot in. The fatality (2 or 3 per cent.), though 
far lower than that of natural ” smallpox, was by no means 
trifiing, and the readiness with which the risk was incurred is 
a strong illustration of the magnitude of the danger to which 
it was the only known altei^ive. It was superseded by 
vacemation, and was finally forbidden by law in 1840. 

Vaccination, introduced by Jenner in 1796, gra¬ 
dually superaeded inoculation during the earlier part 
of the last century. It was provide gratuitously by 
the first Vaccination Act of 1840, made compulsory in 
18S4, and systematically enforced by paid vaccination 
officers from the time of the pandemic m 1871. Under 
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the Act of 1898 uioi'e latitude has been allowed to 
the conscientious objector {see p. 403). 

The following table presents a return of small¬ 
pox mortality before and after vaccination periods :— 


1 

Period ‘ 
before 

vHcciimtioii. 

IVrioil 

idler 

ViicoiiiAtion. 

I/>CAUty. 

Kieaii aunual giiiall- 
pox mortiillty jjor 1,000. 

Befmv 1 After 
vaccina- | v.-icciUH- 
tion. 1 (ion. 

1777-1806 

1807-1850 

Lower Austria 

2--1H i 

o-a4 

1777-1808 

1807-)8MI j 

Upper Aiistri'i 

I ; 

0-50 

176I-1800 

kSlO-1850 

Berlin 

3M4 

0-18 . 

177-I-1801 

1810-1850 

Sweden 


0-18 

, 1751-1800 

lSOl-1850 

Coi>einiageii 

313 

n-jir ■ 


Although such figures present .striking evidence 
of the general effect of vaccination upon mortality, 
it is necessary to examine the particular effect as 
illustrated in the age-incidence both of mortality- 
rate and attack-rate. The first table is as follows :— 


DbATH-RaTEH FttOH SMALLrOX, I'EK 1,000 LIVING AT BACH 
Agk-Period.* 



All 

Ages. 


.'.-10, 1 

lO-l.'i. 


25-4.5. 

! Over 
45. 

ImT-lSW. 'i 
Vaccination j 








mtuitouf* : 
blit op- 1 
tionaJ . 
1834-IK71. 1 
Vaccination } 

O'UO*. 

1*617 

0*337 

i 

fr*(H'4 

0*10!' 

0*««>6 

0-0*22 

compulsory 1 
but not {' 
eRloiently | 
enfor'wri . ) 

1872-nWl. 1 


(fSJ" 

i)*3-i;i 

O'OSS 

0*163 

6*131 

0-052 

Vaeolnatioa , 
enforcad . ) 

O-ost* 

0-177 

0-01>i 

6-|};*.4 

0*(HI7 

6-088 

. 

o-o:w 


' Reg.*G«n. Mnl Aim. ^ep.; uiiU Foster, hMUxd Jovrutd 

ISP3, i. The Ages wei« not alwtnicted 1S47. 




VACCINATION 


393 


xm] 

This table shows that each extension of vaccinal 
tion was attended with a reduction in the smallpox 
mortality, in which, however, the different ages 
by no means shared equally. The reduction was 
greatest at the^ ages of highest mortality—that is, 
among children under 10 years of age—jvhile at 
ages over 15 the change was comparatively slight. 

In the third period the latter no longer included, 
as in former generations, a largo proportion pro¬ 
tected by non-fatal attacks of smallpox under¬ 
gone in early life, and on the other hand the 
protection due to infantile vaccination had hod 
time to fade. Moreover, even unvaccinated persons 
had, under the new conditions, a better chance of 
escaping smallpox until adult life. The enormous 
reduction in mortality among young children whose 
vaccination was recent speaks for itself, and it must 
not be forgotten that the mortality at ages under 
.5 years occurs among the unvaccinated residuum, 
the vaccinated being practically exempt, as will be 
seen presently. 

Other illustrations of the great change in the 
age-incidence of smallpo.x may be given. At Kil¬ 
marnock, from 1728 to 1761, there were 622 deaths 
from small])OX, of which .563, or 90 per cent., wero at * 
ages below f> years. The corresponding proportion 
in England from 1871 to 1880 was 30 per cent. 
Buchanan* gives further instances in the following 
table, with an analysis of the age-incidence of small¬ 
pox mortality in London in 1884 uj)on the vac¬ 
cinated and unvaccinated, separately, from which 
it (s manifest lhat the old conditions remained 
unchanged among the nuvaccinated, except that 
the protection which tlu^ rest of the community had 
acquired lessemid the probability of exposure to 
infection. ' > 

* Ftepui-t ufthe Olllcer to the LO.B. for 1884. 
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COXTJIIBUTION 

OF Various Ages to 100 Smallpox Deaths 
AT ALL'AoES. 


9 

•s 


-- ^ 
i ■ 1 

I.ondoi>, 1884. 



n 

M 

1 

if* 

, £b 


n 

t 

5 

• » 

12 

.2 i 
i 1 

a i 

g 

1 

1 

: 11 
; 8 

0-10 y«iir>i 

00’1 

US'S 

3v: 81'<> 

1 61-.* 

S’li 

• 34-3 

10-20 

2-0 

O’^ 

l.H-3 f.-O 

: 14-6 

17-8 

; 17-0 

20-80 „ 

i-o 

(>•7 

32-0 8-8 

10-8 

31-0 

; 21-3 

30-40 » „ 

0-3 

, _ 

iro 3-2 

7‘2 

, 22-1 

14-2 

Over 40 ,, 

! - 

31 1-1 

.i-2 

i 20-1 

. 13-2 


li>0*0 

loo-o 

100-0 100-0 

1 100-0 

i 100-0 

1 100-0 


An analysis of tlio returns of tlie 5,683 smallpox 
deaths in London duringthe tenyears 1870-88, as given 
by the Registrar-General, yields the following results: 


AoiW. 

Of 1,406 1 

stated to l*e 
mcclnaWL 

1 Of 2,-265 

1 stated to 
be UH- , 

' wiccinateii. 

j Of 2,012 

I vaecilwtioii 

1 not slaU-d. 

Ortlie toUl 
5,683, lire- 
spective of 
vaccination. 

0 to 10 years . . 
10 to 20 „ . . , 

Over 20 . . 

Perwui. ! 
8-4 

16-0 ! 

73*6 ! 

P**r cent. 
56-0 

17*2 

20-S 

I’vr cent, 
ai-o 

14-7 

M)-3 

Per 

86*8 

16-0 

47-2 


Conhrmatory evidence, if needed, is afforded by 
Barry in reference to the Sheffield epidemic of 1887-8 


SHsmBLi), 1887-8 .—Smallpox Attacks and Deaths (pku 
1,000 Peusoxs of Each Class stated). 




i 

Attack-rate. 

Oeath-ratc. 




Vacdii- 

Unvac* 

Vacciii- 

I Uuvae- 




ateil. 

ciliated. 

ated. 

: clnatod, 

OdO yosi B . 



5 

101 

0-1 

41 

Ditto, living 
hontet . 

in 

iumdetl 1 . 

• 

78 

860 

1 

; 881 

Over 10 years 



10 

04 

1 

51 

Ditto, living 

hOMtl . 

in 

innuM ) ; 

281 

686 

14 

. 371 

AU ages 


. .. 1 

15*5 

97 

0*7 

> 48 

Ditto, living 
houm 

in 

invaded 

280 

, Sh) : 

a 

872 
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From these statistics it api)ears that the vacci¬ 
nated part of the population had, as compared with 
the unyacoinated, at ages below 10 years, a 20-fold 
immunity from attack, and 480-fold security against 
death from smallpox; at ayes above 10 years, a 
5-fold immunity from attack, and 51-fold ^curity 
against death from smallpox; at “ all ages," a 6-fold 
immunity from attack, and a C4-fold security against 
death from smallpox. 

As regards Loudon, the proportion of smallpox 
deaths to deaths from all causes is available as a mea¬ 
sure of the prevalonco of the disease before and after the 
introduction of vaccination, which came gradually into 
operation at the beginning of the nineteenth century. 
From the “ bills of mortality ” it appears that during 
the thirty-one yoarsl770-l800smallpox caused 59,253 
out of the 626,530 deaths in London, or 9-4 per cent. 
In the thirty-one years 1801-31 the proportion was 
4-6 per cent. From 1832 to 1837 no returns are 
obtainable; but for the tliirty-one years 1838-68 
the’proportion was 1'4 per cent. Even in 1871, when 
the pandemic wave reached London the deaths from 
smallpox were only 9-8 per cent, of the total deaths, 
a proportion very little in excess of the average which 
|)revailed between 1770 and 1800. 

Thus it will be seen that the greater susceptibility 
of the unvaccinated to the smallpox virus is mani¬ 
fested not only in a greater liability to attack, but in a 
higher case-mortality. 

It may be convenient to siiintnariae the evidence as follows: 

A. As regards vaeeimted and mroeeitmled jmpulatieni respec- 
tveelg. —(1) In pre-vaccination times the heaviest inddenoe 
of smallpox was upon childhood. (2) In the unvaccinated 
part of the community it is so still. (3) Among vaccinat^ 
porsons childhood is exempt, and smallpox is omy fatal in 
later years, when the protMtive influence of vaccination has 
faded. (4) In a mixed community (vaccinated and anyaool- 
nated) boUi those effects are apparent, the heavier incidence 
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upon the unvacoinated compenaating for their scanty numbers. 
(6) The immunity at early ages among the vaccinated may be 
extended indefinitely by revaccination. (6) In every epidemic 
—if the numbers are sutticiently large bi preclude fallacy— 
the unviiccinateil sufter more attacks in proportion to their nim- 
hers than iho v.tccinated, and (7) a lurgi'T percentage of the 
attacks are fatal. (8) Among the viiccinaled who suffer from 
smallpoV in later years,the proportion of fatal to noiufatal attacks 
diminishes as the number or are<i of the cicatrices inercuBes. 

U, As reffards entire populations. —(9) 'fho introduciioii of 
vaccination has in all cases been followed by a lowered average 
incidence of smallpox. (10) Each extension of compulsory 
vaccination has led toa fuHhcr reduction. (11) Compulsory re* 
vaccimition when tried has almost entirely siip)>ro8sed smallpox. 

Caro must be taken not to exaggorate the importance of in* 
fantilo vaccination !is the method of protecting a community. 
In recent yearn, in many districts, not more than 10 or 20 per 
cent, of the children are vac inatod, and yet the disease 
remained quiescent or abamt. Kvm in times of epidemic, 
prompt isolation, effective treatment, and supervision of cun* 
taels should bo carried out in conjunction with vaecimttion 
measures. A complete system of infaotilo vaccination must 
always be followed by I'cvaceination. 

The character and area of the vaccination. 
The quality of vaccination also—that is, the num¬ 
ber, area, and character of the cicatrices—has an im¬ 
portant bearing upon the degree and permanence of 
the protection afforded. Both of the8(3 points come 
out clearly in all large hospital statistics, of which 
the following two examples will suffice 


Case-mortalitp in relation to tjiuality of vaccination ami to age, 
baaed upon an analysis of 10,403 cases in Metropolitan Stnall- 
pox Hospitals. ((Iaytox.) 


A^'es. 

Vaccina^fitl. 
Quod markM. 

Vucchintwi. 

Iinpcrleot 

murks. 

SuM U> be 
VBCciuatcd. 
No uiarku. 

Uiivaccfiiiitul. 


. 


(l4M 


.. 





0* 5 

51 

0 

O'ft 

*llly. 

182 21 ]vr> 

128 47 

«my. 

8i;-7 

077 

388 

66(! 

•VIO 

207 

2 

0-7 

714 48 6*7 

826 87 

•2f)*8 

1,187 

608 

47*4 

10*20 

1,046 

17 

1 (] 

1,070 98 6-0 

419 81 

19-6 

621 

100 

80*7 

20-40 

725 

87 

6'1 

1,898 268 13*0 

420 110 

33*3 

382 

181 

47*4 

Over 40 

48 

(5 

12*6 

268 61 19*2 

• 

131 44 

.38-8 

7t) 

84 

43-0 

All agcfl 

2,086 

02 

8-00 

4,8.64 465 0*Q0 

1,206-4)62 

27*0 

2.109 

938 

43*0 
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Oaie-mrUilitu in relafion to nnmbtr of vaceint cieatrim. 
(Mahson.) 

Per cent. 

Unvaccinated. 

35J 

Stated to be vaceinatod, but without cioatniiofl 

21 ; 

Having one cicatiix .. 


Having two cicatrices. 

AJ 

Having tliroo cicatrices. 

i; 

Having four or more cicatrices 

s 


Viiociuation is pi'Otect.ivft against itsslf as well as 
against smallpox. Any niiinlior of “ insertions ” may be 
made at the time of vacoination. Whether one vesicle 
is produced or a dozen, the protection of the indivulual 
i.s absolute for the tiiiu! being, but all experience goes to 
•show that the duration of the protectwm ie limited, 
and is directly proportionate to the number and area 
Ilf cicatrices prodnced. H ence it is desirable to vacci¬ 
nate in at least four places, and the total area of the 
cicatrices should not be less than half a square inch. 
The retui ii of the Metropolitan Asylums Board for 
the smallpox e[)ideniic in London, 1901-2, respecting 
this point, is given here, and a study (if it will amply 
prove the claim made. 




Vaccinated taiJics— 


t 

Half aquuro iiiirh and up¬ 





ward. 

5,IG3 

379 

7'34 

1 

One-tilird but 1 ok.s than half 




siinsrc inch . 


131 

15*69 

s 

tjcas than onc thii-i! Ki}uarf 





inch. 

m 

162 

16*87 

P 

< 

Not recorded 

87 

S3 

37*93 


Totals of vaccinateil olaHS 


705 

lO-lG 

Unknown «nd doubtful clasx. 

436 

171 

3«*22 

Unvacclimtefl cIms. 

2,277 

752 

38'00 

Grand totaU .... 

9,608 

1.628 

16*87 
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Revaccination.—As the protective iniluence o! the 
primary vaccmatioii fades, a time arrives when revac* 
cination hecomes possible; Comparatively few persons 
are insusceptible to rovaccination after tlie lapse of 
ten or twelve years ; many “ take ” readily within five 
yejirs, although the primary cicatrices may be good. 
The coirs© of re vaccination in the majority of persons 
is different from that of the primary of)eration, being 
more rapid, and often failing to exhibit some of the 
typical stages. If, howt5ver, the former protection 
has entirely disappeared, the course of re vaccination 
may l>e identical with that of a primary vaccination. 

Kevaccination renews in all respects the immunity 
given by primary vaccination. As regards entire 
populations, the results of general, if not universal, 
revaccination are shown in the following figures, 
taken from the report of the German Vaccination 
Coimmission of 1884. After the pandemic of 1870- 
74, re vaccination was made compulsory in Germany 
and smallpox has never become seriously epidemic 
during the years that have since elapsed; while in 
other countries i^he incidence continued much as in 
the period l>efore 1870. 


Smallcox Dkath-Uatks. 



1 ; 

Auatria. 

' Prussia.* 

Berlin.* 

jHambnrg. 

’I-i 

•'London.! 

rariH. 

Vienna. 

1670 

0-80 

0*175 

0*2*2 

0-2r, 

0*.30 1 

1 6*46 

0*46 

1871 

0-89 

2*432 

6*82 

10*75 

2*42 1 

1 ? 

0*74 

1872 

lito : 

: 2*624 

1*38 

0*96 

0*53 

. 0 06 

i 5*86 

1878 

3*28 , 

, 0*387 

0*11 

0*008 

0*04 : 

; 0*01 

1 2*28 

1874 

1*78 

; om ! 

0*024 

. 0*00i> 

0*02 : 

0*02 

1 1*86 

1670 

0*58 

; O'OSe 1 

o-osi 

0-000 

0*01 ! 

0*13 

li8 

1876 

0*89 

0-031 . 

0018 

Oi)I8 

0*20 ! 

0*20 

! 1*67 

1877 

0*53 

0-003 i 

0-004 

0*0/2 

0*70 1 

0*07 

! 0*84 

1878 

«*61 

0-007 \ 

0-007 

0-003* 

0*88 1 

0*04 1 

1 0*76 

1870 

0*51 

0-013 ! 

0-007 

0-000 

0*12 ! 

0*45 1 

1 0*46 

1880 1 

0*64 

O-0S6 1 

0-008 

0-000 

0*12 

; 1*09 ; 

■ 078 

1881 

0*83 

0-03$ 

^ 0*047 

Q-Oii 

0*61 

i 0*49 ' 

i 

1*28 


* Italic tlgaros are uned for the years in which Contpulaory revaedna- 
tloD WM in force. « 




VACCINATION 


399 


xin] 


The Gterman Vaccination Law was passed in 1874, 
compelling vaccination and revaccination. Infants 
must be vaccinated before the end of the calendar 
year following the year of birth, and M children 
must be revaocinated in their twelfth year. Obedience 
to this law is enforced by fine or imprisonment. So 
completely is this system worked, that there is less 
need for the strict isolation of smallpox than in 
England. For instance, in Germany, the rare cases 
of smallpox are placed in pavilions of general hospitals, 
not in separate smallpox hospitals. The population 
of Germany a few years ago was 56 millions, and 
from 1891 to 1902 inclusive there were 607 deaths 
recorded as due to smallpox. The smallpox deaths 
during the same period in England and Wales 
(population 32 millions) were 6,761. If the ratio had 
been the same in England as in Germany, there 
would have been only 350 deaths. 

Bany shows that in the Sheffield epidemic the re- 
vaccinated had a great advantage over the rest. Of 
8,198 persons revaccinated prior to the epidemic, 26 
were attacked and 1 died, the attack-rate being there¬ 
fore 3 per 1,000, luid the death-rate O'l. Among 
56,233 persons revacciuated during 1887-8, 2 were 
doubtfully attacked and none died. 

The practice of vaccination.— The vaccine virus 
is that of cowpox or vaccinia, a disease formerly pre¬ 
valent among cattle, but now rarely met with. It 
occurs in the form of vesicles upon the teats and 
udder in cows. The virus is inoculable upon human 
beings as well as cows, and this inoculation consti¬ 
tutes vaccination. Goats also are susceptible. No 
person is insusceptible except as the result of previous 
vaccination or an attack of smallpox. 

Jenoer believed that vaccinia was smallpox modified by 
transmission through the cow, a form of attenuation very 
simil w to that which we now know to bo possible as regards 
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many other dis'iaees. Cowpox, formerly common^ has become 
rare among cattle coincidontly with the reduction in human 
smallpox due to vaccination. The limitation of the erup* 
tion to the teats and udders of cows siiL^gosts contact with the 
haQ<is of milkers as u means of inoculation. It is difficult 
to inoculate cows with smallpox, but in one«form or an(ttber it 
has been achieved by Ceely, Badoock, Voigt and Chaveau, 
resulting fy. various forms of cowpox. 

Primary vaccinafion in the hitman subject is 
followed on the third day by a papule, which on the 
iiftJi or sixth day is vesicular. On the eighth day tlie 
vesicle ijt mature; it is greyish, elevated, tense, locu- 
lated, and contains a clear viscid lymph which exudes 
when the vesicle is pricked. On the ninth day in- 
Aammatory changes set in; the lymph begins to con¬ 
tain pus, and a reddish “ areola ’’ surrounds the vesicle. 
Slight constitutional symptoms are common at this 
stage. The vesicle becomes a pustule, liegins to dry 
up about the tenth day, and forms a dark scab about 
the fourteenth. The scab falls off in the fourth week, 
leaving a perinaiient seal* winch sliould be depressed 
and pitted. 

Vaccination by huinaii vaccine may be carried 
on from arm to arm for an indetinite numlier of 
years without having recourse to the cow again. The 
'lymph should always lie taken on the eighth day (that 
is, exactly a week after the vaccination) from normal 
and unbroken vesicles. No lymph should be collected 
after a revaccination, or from an unhealthy subject, 
or from vesicles showing any sign of inflammatory 
action. By fa>* the surest plan is to vaccinate directly 
from the vesicle, but the lym|)h may be sealed in 
capillary tubes or dried upon ivory points, and retains 
much of its efficacy for a considerable time. 

Vaccination by calf-lymph is now in use upon a 
large scale, owing partly to a popular suspicion 
that the current sArm-to-arm vaccination is losing its 
power, but chiefly to the fear o^tho virus of syphilis 
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or other malady being inoculated with the lymph from 
diseased human subjects. There appears to be no 
difference either in the course of the symptoms or in 
results between ordinary arm-to-arm vaccination and 
vaccination froi'A the calf.* 

Protection of vaccination. -The incubbtion of 
vaccinia being shorter than that of smallpox, it is 
possible to modify or even entirely prevent an attack 
of smallpox by vaccination performed some days after 
infection. This is especially the case with revao- 
cination, the incubation of which is often shorter than 
in primary vaccination. 

Successful vaccination within three days after ex¬ 
posure to infection will prevent the appearance of 
symptoms, and it is probable that the attack will 
either be arrested or modified by vaccination as late as 
the fifth or even sixth day. The proof of this rests 
ujion the. observation that attacks of smallpox may, 
and do, occur within six days of vaccination in persona 
who have been many days previously exposed to 
infection, but tho few attacks that occur between 
six and nine days after mmensful vaccination are mild, 
and practically none commence later. The usual 
incubation period of smallpox, it will be remem¬ 
bered, is twelve days. 

* iilgeerhutkd aatf^^avph Ls ii<iw pr«|i>irfd ax follows: A agotl 
throe to six months, is kept in f|imMiitinu fora week. If thou fouml ii^ii 
.examination to Iki ({uite h«>alliiy, it is roiiiovcil to the vaoninating station, 
and the lower luirt of its nlidoinen ahtiseptically Tho anioial is 

now vaccinatofl npon this sterilixcd area with glycuiinntod (alMymph. 
After live davs tlic p.’(rt is a^nin tlion>iJKhly 4vaHhft4t, ami tho contmtaof 
tiifl vesiolcB, whioh have of conrsu app(.iare<l in the Introrval, are removed 
with a Aterlllzod sharp spoon, and tranaforml to a Bteriii^<od Imttle. This 
is now remoretl to the laboratory, and the exact weijtht of the material 
oseertalnod. A cnlf tlins vuiSidnatHd will yield ftom 18 to 24 mms of 
vaccine matarial, Tlii^ is thomi^hlv tritnratofl and mixeil with hnir 
times {{a wolsM of a slcrilized solution of .'H) i>er cent, idiemically pimi 
i(lyflcriii in diatiUed water. Tiii^ resulting emulsion is oseplioally store^l 
in sealed tnlies in a cool i>Iace. At iiitervaU during fonr weeks it- is care- 
fbliy examined bscteriologioally until 1>y plates it is domonstnibly 
hce ft'oni extraitsous organiaom, when it is ready for dlstHbn^on. 
‘'Clilofolbrm ’ ealMymph is also naoii.. it is pr«>parod in the iarae 
*“wajr, hot fJiargi-d with vapour of chloroform hir piirjioiws of rapid 
sterlllzatloii. 

2x 
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The Royal Commissiou on Vaccination, 1896, 
concluded that the protection vaccination affords 
against smallpox may be stated as follows:— 

“(I) That it diminishes tJie liability to be attacked 
by the disease. (2) That it modifies' the character of 
the disease and r enders it less fatal and of a less severe 
type. (3) That the protection it affords against 
attacks of the disease is greatest during the years im¬ 
mediately succeeding the operation of vaccination. It 
is impossible to 6x with precision the length of this 
{reriodiof highest protection. Though not in all oases 
the same, if a |ieriod is to be fixed, it might, we think, 
fairly be saitl to cover in general a pnriod of nitut or 
ten ymn. (4) That after the lapse of the period of 
highest protective potency the eflicacy of vaccination 
to protect against attack mpidly diminishes, hut that 
it is still comsiderable in the next quinquennium, and 
possibly never altogether ceases. (.")) That its power 
to modify the character of the disease is also greatest 
in the [wriod in which its ))ower"to protect from attack 
is greatest, but that its power thus to modify the 
disease does not diminish as rapidly as its protective 
influence against attacks, and its efficacy during the 
later periods of life to modify the disease is still very 
considerable. (6) That revaccination restores (he pro¬ 
tection which lapse of time has diminished, but the 
evidence shows that this protection again diminislies, 
and that to ensure the highest degree of protection 
which vaccination can give the operation should be at 
intervals repeated. (7) That the benefleial effects of 
vaccination are most experienced by those in whose 
case it has been most thorough. We think it may 
be fairly concluded that where the vaccine matter is 
insei-ted in three or four places it is more effectual 
than when introduced into one or two places only, and 
that if the vaccination marks are of an area of half a 
square inch they indicate a ^tter state of protection 
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than if their area be at all considerably below 
this.” 

Tlie Vaccination Acts of 1867, 1871, and 1874 
have been inodihed by that of 1898. In general, a 
child must be vaccinated within .six months of birth. 
The parent is relieved from obligation if within four 
months after the child is born h(! satisfies a mngis- 
tinte that he conscientiously believes that vaccination 
would be prejudicial to its health.* And even in the 
absence of such an exemption, an mxler under the 1867 
Act directing that a child be vaccinated cannot be 
made upon any person who has previously been con¬ 
victed of non-compliance with a similar order relat¬ 
ing to the same child. It is the duty of the public 
vaccinator, if the parent so requires, to attend tin! 
child at its home. If a child is not vaccinated 
within four months of its birth, the ])ublic v.iccinator 
is to visit the home, after giving at least twenty-four 
hours’ notice, and oiler to vaccinate with glyceriuated 
calf-lymph or such other lymph as the L.&.B. may 
provide. In either case, if he finds that owuig to 
the condition of the house, or recent prevalence of 
infectious disease in the district, the operation cannot 
safely be performed, he is not to vaccinate, but must ^ 
give a certificate of postponement, and inform the 

Public vaccinators are to use only glycerinateci 
calf-lymph, or other lymph supplied by the l.O.B,, 
and must keep registers from which the origin of the 

• Tho Vaccination Act, 1907, provides for this claim to be made as a 
statutory declantlon by the parent to the vaccination offleer, 

tTho 1„0,B, direct, that, “except so far as any Immediate danger 
of smallpox may require, tho public vaccinator must vaccirratc urrly 
suldcete who are In goorl health. As regards liifarrta, he must ascertain 
that there is not any febrile slate, nor any irritation of tlie bowels, nor any 
unhealthy slate of the skin, e<peclally no chatlngorecxema behind the earn 
or in the groin, or elsewhere in folds of skin. Ho must not, except of 
rreeesslty, vaccinate In cases where there has been recent exposnre to the 
Infection of diseases auch as tiressles, scarlatina, or dlplrtheria, nor whore 
erysipelas le prevailing In or about the place of residence,' 
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lymph used in each operation can be identihed. The 
Instructions require the greatest care as to cleanliness 
and sterilization of instruments used, and aseptic 
precautions at all stages. “The public vaccinator 
must aim at producing four separate good-sized 
vesiclcsc or groups of vesicles, nut less tlian half an 
inch from one another. The total area of vesiculation 
resulting from the vaccination should not be less than 
half a square inch. ” 

The in the event of serious risk of ont- 

breakpf smallpox or other exceptional circumstances, 
may require Uie Guardians to provide vaccination 
stations, arid may temporarily and locally modify 
the obligation upon the public vaccinator to visit 
otherwise than hy request. Any S.A. maintaining 
a hospital for smallpox must keep a register of 
patients, showing name, age, address, and condition 
as to vaccination. The entries are to be made at the 
time of admission, and the register is to be accessible 
to the public. 

A child must be vaccinated within six months of 
its birth unless (a) the parent obtains a certificate 
of exemption, or (i) the child dies, or (c) is attacked 
by smallpox within that period^ or (d) three or 
more unsuccessful attempts at vaccination haye 
been made,* or (e) a medical certificate of postpone¬ 
ment (for not more than two months at a time) is 
given on the ground of ill-health, or of recent 
prevalence of infectious disease in the district, or of 
the condition of the house in which the child resides. 
Certificates of successful vaccination, or attack of 
smallpox, or of insusceptibility to vaccination, or 
postponement of vaccination, can be given by any 
registered practitioner. 

* Iq this evaia ImnfaeptlbUity is luferrad ; but out of 88,000 ivttniry 
vftGcinftUoniiOor:^ fililed iu only on« iMtftortei^Qd in that one had no 
opportunity of nuklag a third attempt ^ 
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B«vacciuation is entirely optional, but |>ersons 
over 12 yeare of age are re vaccinated gratuitously 
by the public vaccinator, and if there is immediate 
danger of smallpox the age-limit is reduced to 10 
years. ^ 

The administmtion of the Vaccination Acts, 
subject to the control of the L.0.B., is entrusted to 
the Poor Law Guardians, not to the S.A. as such. 
Instructions and blank forms of certiticate are issued 
by tiie sub-registrars to the parents at the time of- 
registmtion of birth. 

Vahicblla 

Chickut)[)Ox was only clearly distinguiahod from smallpox in 
the last century, but beyond a cerbiiii snporficiHl resemblance 
there is nothing in common between the two disoases. Vari¬ 
cella occurs as an epidemic, which not infrequently coincides 
with smallpox outbreaks, and adds to the difticidty of diag- 
mMis of mild cases of the ktter. Persons of all ages are liable 
to attack, but children iiioro than adults. The mortality is 
practiailly nif, a fatal result being unknown oxcept in cases 
almost moribund from other causes, or in eases of varicella 
ffonffrenoia. Nothing is known of the conditions that deter¬ 
mine the appearance of this rare and malignant typo of vari¬ 
cella in individual cases during an outbreak of ordinary 
character. 

The latent interval is very commonly u fortnight. The 
cUaraoteristic v^tcular eruption, which maybe very profuse 
and widely distributed, is thickest upn theb^k and shoulders. 
1^0 vesiclM arc not usually umbilicatod, although this is not 
a reliable point for diagnostic purposes, and am ^ng them are 
some that ero aptl^ compai^d to drops of scalding water upCn- 
the skin, thero being no induration around them. At otner 
times varicella spots simulate smallpox more closely, bat there 
is almost always a want of unifortiiity in size, appearance, and 
stage of development. The premonitory symptoms (vomiting, 
bacl^ho, anorexia, etc.} tliat accompany the onset of small¬ 
pox only, the distribution and app^uun^ of the rashr the 
relation to vaccination, and the history of exposure to one or 
other kind infection will seldom full to make the dmgnoafs 
c!^r. 

The mfectibn of varicella is active from the first onael^ atui 
is r^ly imparted by contact or by means of fomites. The 
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mode in which it is given off is unknown, but the breath is the 
most probable. Attempts have been made to inoculate from 
the vesicle, but without success. Second attacks are rare. 

A quarantine of 18 days is suflicient after exposure to 
infection ; after an attack, isolation should be kept up until all 
scabs have disappeared. In limes of sma^pox epidemic the 
L.G.B. or the County Council or S.A. may make chickonpox 
Icinpot'uriK/ notifiable in order thereby to bring to light cases 
of smallpox simulating vavicolla. 

Mkasles 

• Measles became clearly difiereutiated from small¬ 
pox an^ scarlet fever in the seventeenth century. 
No country or race appears to be exempt from it, 
and it has no demonstrated relation to climate. Some 
dependence upon meteorological conditions may be 
inferred from the bict that the colder months, even in 
the tropics, are favoiimble to the rise and spread of 
measles epidemics. In London the seasonal curve 
of mortality shows two maxima, a principal one in 
December and a lesser one in June, the minima 
occurring in Eiebruary and September.* The influence 
of age as regards liability to attack has not been 
worked out, but the moitality from measles is 
greatest in the second year of life, and rapidly falls 
in every succeeding year. Sixty per cent, of the 
•deaths occur during the fii'st two years of age, 75 per 
cent, in the first three, and upwards of 90 per cent, 
under five years. Thompson has shown that from 
5-10 years of age the attack-rate is 62 per 1,000 
living, the death-rate 0*7 per 1,000 living, and the 
fatality-rate 11 per 1,000 attacked; whereas under 
5 years of ago the attack-rate is 137 per 1,000 
living, the death-rate 11*6 per 1,000 living, and the 
fatality-rate 85 per 1,000 attacked. The mortality 

* The winter iiiaxiiimui vanishes in many parts of Great Britain and the 
Continent, particularly wliera. the measles mortality is low, leaving 
a simple curve with a maximutn in June an<i a minimum in Bepteinber 
or October. (Beg.-Qen. Ann. Hept. for 1884. iSeaahnr'* Measles Bpideintcs, 
Mi^orMid Minor." Tiv,n»a<iion» the 1882-8.) 
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is gimter among females at all ages above 6 years, 
but greater among males up to that point, so that 
upon the whole the female mortality is lower than 
the male. It is highest in urban districts. 

Measles epidemics are occasionally so malignant 
in type as to have a case-mortality of 30 per cent, or 
more, but in such instances neglect, improper treat¬ 
ment, or insanitary conditions have been largely re¬ 
sponsible for the result. The epidemics now met with 
in Great Britain, though variable in severity of type, 
cause a case-mortality that rarely exceeds 6 per cent., 
and is often not more than 1 or 2 per cent. The fatal 
cases are, as a rule, due to pulmonary complications 
or diarrlicea rather than to the primary disease itself, 
the tendency to the one or the other complication 
being often fairly constant throughout an epidemic, 
but apparently independent of season (Hirnch). Con¬ 
vulsions are common, and, as sefiuelre, retarded gi-owth, 
deafness, and defective vision. Streptococcal infection 
(possibly from the mouth or naso-pharynx) is a fre¬ 
quent cause of measles mortality. Unlike scarlet 
fever, measles often disappears almost entirely from 
a district in the interval between epidemics. These 
intervals, however, are usually short, and few towns 
in England escape an epidemic for much longer than* 
two or at most three years at a time. Insular com¬ 
munities such as Iceland and Faroe, with little com¬ 
munication with the outside world, remain free for 
an indefinite number of years (20-50) after the sub¬ 
sidence of an epidemic, until infection is introduced 
afresh. Then it appears with great severity, particu¬ 
larly among adults (Faroe Islands, 1781 and 1846; 
Fiji, 1875 and 1905; Shetlamis, 1915). Occasionally 
measles, like smallpox, becomes “ |)aiidemic ” and dif¬ 
fuses itself for a brief period over a large part of 
the globe. 

Measles is said to have been inoculated by nasal 
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mucus (Brwtowe), with an incubation of seven or eight 
days. It has no known lulation to soil. It does not 
appear to be transmitted by drinking-water, milk, or 
other food, or to have any connexion with diseases 
of lower animals. “ Insiinitary conditions ”—notably 
overcrowding, exposure, and want of'food—diminish 
greatly t^c chance of recovery, as was found in the 
outbreak among French troops in the siege of Paris, 
when 8C out of 215 (40 per cent.) died. Whether such 
conditions increase liability to attack is not known. 
The virus appears to be rcatlily coin eycd by the air, 
probablj* for considerable distances, but of this exact 
proof is wanting. Measles has not yet Imen isolated 
ujiou the large scale, .so tliiit the question of thojKJSsi- 
bility of aerial spread of infection from hospitals has 
not arisen. The disease is now notihahlc. 

From analogy it may be u.ssumed that a specific 
measles microbe exists, but none has yet been satis¬ 
factorily demonstrated. 

Infection js probably always acquired either by 
inhalation or direct contact. The incnbation 
period is usually about 12 days, and is followed by the 
stage of invasion marked by pyrexia and catarrhal 
symptoms affecting chiefly the respiratory tract and 
|ho conjunctiva. The rasli appeal* on the fourth 
day of illness, first on the forehead, then becoming 
general. It consists of dusky pink, slightly elevated 
simts, which increase for two or three days, and then 
slowly fade. Slight scurfy desquamation followa In¬ 
fection is given OS' by the breath and mucus from 
the onset of the first symiitoms, and very imssibly 
eyen during the stage of incubation. It is not 
clear how long this liability continues, lior whether 
the desquamated cuticle is infective, but the usual 
rule is to allow a quarantine of not less than three 
weeks. An attapk,i8 “iisHally protective throughout 
life, and this is probably thq majp reason for the 
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comparative immunity of adults, but well-authenti¬ 
cated instances of repeated attacks in the same person 
are far from infrequent (2-6 per cent.). 

Comparing measles with scarlet fever, it is at once 
apparent that )jreveutive measures are less likely to 
be successful against the former. Infection begins at 
least three days before the characteristic ra.sl» appears, 
and hence isolation is not mlopted at a sufliciently 
early date to prevent the spread of the disease, so fai¬ 
ns the household i.s concerned. The long incubation 
adds to the difficulty of quarantine. 

Measles is still allowed to run its epidemic 
ooui-se practically unchecked by any serious attempt 
at isolation or disinfection, and it is, therefore, not 
surprising to tind that it shows no signs of sharing 
in the reduction of mortality which is so con¬ 
spicuous in respect of .scarlet fever, enteric fever, 
and smallpo.\. The mortality per million in England 
and Wales has been thus: in 1851-60, 112; in 
1861-70, 443; in 1871-80, 379; in 1881-90, 441 ; 
in 1891-1900, 414; and in 1901-10, 309. In 
1911-12 a severe epidemic occurred. In 1915 there 
were 16,445 deaths in England and Wales from 
measles only (excluding deaths from complications), 
yielding a mortality of 462 per million. 

It has been customary in the past to close 
elementary schools during measles epidemics. The 
results were, however, unsatisfactory. As a rule, 
measles spreads only in infant classes and only when 
30-40 per cent, of the children are unprotected by 
previous attack. By means of "measles i-egisters” 
it is possible to detemine the measles history of a 
class, and though it is impracticable to prevent the 
introduction of the disease to the school, it is possible 
to prevent its spread by closure or by exclusion of 
unprotected children within -9-10 days of the first 
attendance of the initial cttse in an infectious state. 
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If the lowest age-limit of school attendance were 
fixed at 6 years the control of measles would become 
more practicable, as children of a susceptible age 
would not then be brought so largely into the sphere 
of infection. {See also p. 346.) The.Public Health 
(Measles ^nd Uerman Measles) Regulations, 1915, 
require n&tification by parents or guardians to the 
M.O.K. (Art. V.) and by medical practitioners unless 
the ease has been previously notified or is being 
treated in hospital. Careful supervision of cases 
and contacts, nursing, and hospital treatment are 
reeommended. 

Ukkmax Mkaslks 

Rbthehi, epidemic roseola, or (■rernian measles 
occasionally becomes epidemic among children, but 
causes very slight mortality. An outbreak in the New 
Forest in 1880 was, however, said to have been at¬ 
tended with a case-mortality of 3 per cent. After 
a latent period, often almut 3i weeks in length, slight 
general symptoms manifest themselves, and are 
followed immediately, or in a day or two, by an 
eruption of red, slightly elevated spots, variable in 
size and often confluent. They appear first on the 
(ace and foreaims, increase and becoihe more or less 
general in one or two days, and disappear before the 
end of a week. The symptoms have some resemblance 
to those of scarlet fever and measles, especially the 
latter. It is, however, an entirely distinct and in¬ 
dependent disease, and not a “ hybrid," as is popularly 
supposed. The disease is infectious, but never very 
actively so, and isolation for a fortnight is suflicient. 
Infection is probably given off by the breath, and 
acquired by inhalation. Second attacks do not 
appear to be common. Quarantine for contacts 
sWld extend to *23 days. The disease is now 
notifiable. 
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W HOOPING-COUOH 

This disease has been i-eoognized in Europe for 300 
years, and has practically a world-wide distribution, 
although it appears to be on the whole less prevalent 
and less sever# in hot countries. In London its 
average prevalence is greatest in March ayd April, 
least in September and October; but the* seasonal 
curve of mortality varies greatly in different parts 
of Europe, and the New York curve has a second 
and greater maximum in September. 

By far the greatest mortality occurs in the tii'st 
year of life, and particularly in rural districts. Of the 
total deaths from pertussis, over 40 per cent, occur 
in the first year, nearly 7S per cent, under 2 years 
of age, and 96 per cent, under .'). At every age the 
mortality among females is greater than among males. 
There are no statistics suflicient to show the actual 
or relative incidence of attacks at different ages, 
but the vast majority occur in children, although age 
confers no complete exemption. Concurrent epidemics 
of measles and whooping-cough are frequent. Like 
measles, whooping-cough is a typically epidemic dis¬ 
ease, and recurs at short but irregular intervals 
(usually two or three years) in outbreaks that afiect 
a very large proportion of susceptible persona. The’ 
oase-moi-tality is usually small, and piebably seldom 
exceeds 6 per cent. The deaths are almost always 
due to bronchitis, pneumonia, convulsions, or other 
complications. Measles and whooping-cough together 
are, as a rule, responsible for more deaths of children 
than all the other infectious diseases put together. 

Whooping-cough has not been shown to be trans¬ 
missible by water, milk, or other food, or to affect 
lower animals, or to have any relation with telluric 
conditions. It is readily conveyed by fomites. Faulty 
hygienic conditions—especially overcrowding and ex¬ 
posure—increase the danger to life, but there is no 
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proof that they increase susceptibility. The specific 
microbe has not been isolateid, nor is the disease 
known to 1)6 inoculable. 

Whooping-cough is, in all probability, always 
acquired by inhalation of the virus. Th^ iiicubatiou 
period appears to be about a fortnight, but can rarely 
be fixed definitely owing to the very gradual onset 
of obaracteriatic symptoms. Squire l>elieved it to 
l>e less than a week. After a week or more of 
apparently ordinary nasal and bronchial catarrli, the 
characteristic paroxysmal cough sets in, and con¬ 
tinues for a very variable period, which is rarely 
less than two weeks and may exceed two months. 

Whooping-cough is certainly infectious in the 
preliminary catarrhal stage, and possibly even earlier 
than thia Isolation ought to be maintained until at 
least a week after the spasmodic cough has entii'ely 
disappeared. The infection is given otf in the breath 
and sputa, i^econd attacks are very rare. 

What has* been said as to the ])revention of 
measles applies in all I'espects to whooping-cougli, 
and with even greater force. Owing to the absence 
of rash, and the insidious onset of symptoms, the 
disease is rarely detected until many days, after it 
has reached the infectious stage. 

Munrs 

Parotitis occurs in all pHrts of the ^vorld in briuf but 
often intense epidemics, which cause little or no mortality. 
Cold and wet weather is the most favourable, and outbreaks 
usually occur in the winter and spiing, often in concurrence 
with epidemics of measles, or sometimes scarlet fever. Mumps 
usually disappears entirely from a district at the end of the 
outbreak, ana there is no appearance of periodicity in its 
retnm, which may be delayed for many years. 

' ilolhing is known of Its etiology beyond its extrame in> 
feotionsn^ by means of the breath. Second attacks are very 
rare. The chanuiteristic symptoms, including swelling of the 
parotid and siibrnaxilUry glands, s^ in after an incuhation of 
about three weeks (often 19 days), and the disease runs fts 
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oourne in about a fortnight more. Three weekeie aufflcient for 
iaolation, and four weeka for the quarantine of a person who 
has been exposed to infection. 

ScARLKT Fever 

Scarlet fever, or ocarlatina, has been recognized 
in Europe for at least 550 years, and in England 
upwards of 200 years. It was long eonfotnided with 
measles, and only in the nineteenth century was it 
definitely distinguished from diphtheiia. It is most 
widely diflused in Northern and Western Europe, and 
in Nortj^ America, bnt has failed to establish itself 
firmly in Africa, or any part of Asia except Asia 
Minor. Temperate and somewhat humid climates 
seem to be most favourable to it, but the evidence upon 
this point is conflicting. In England it is more preva¬ 
lent in urban than in rural areas, mining districts and 
several of the large manufacturing towns being most 
affected of all. It is probable that the explanation of 
this is to bo found in the greater facilities for receiving 
and transmitting-infection from person to person. 
Scarlet fever has a well-marked relation to season. 
In England the nrortality is at its minimum in March 
and April, and vises to a maximum in October, sulr- 
ject to irregularities if orrly small numbers or short 
peridds are takerr. In Now York, however, the cur«i 
is almost reversed, the minimum being in September 
and the maximum in April. The numlrer of attrxrks 
varies according to season in the same way as the 
mortality, but the seasonal range is greater in the 
attack-curve; apparently the attacks in early spriirg 
are, on the average, moi’e numerous than those irr 
arrtumn. 

Age.* — Childr’en rtrrder 1 year of age, and 

* Tho numlror of deaiht (ium scarlet fever lacmisos from birth to s 
inai(ttaum la the third year of life, and st<eadlly decl naa sftervatds; W 
per cent, of the deaths occur at ag^ under 10 yMrs, and 60 per cent, 
uniler 6 years. Pnrtlier details will be found In a p;^r on ** Age, fUx, 
and Season In relation to Scarlet Fever,” In tho TWHMcftoni ttf (hi 
■ EpUtmU^ica} Soviety for 1887-8. 
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es|>ecially under 3 months, are comparatively rarely 
attacked, but the incidence rapidly increases and 
reaches its maximum in the fifth year of life. After 
that period it declines steadily year by year. About 
45 per cent, of the attacks occur af. ages under 5 
years, 40 per cent, between 5 and 10 years, and 11 
per cent.* between 10 and 1.5 yeai's. The average 
severity of attack, incitsured by the proportion of 
fatal cases, is greatest in infancy or in the second 
year, and diminishes as age increases, but there is an 
apparent increa.se in the severity of the ^'ery few) 
cases that occur in adults afOw the fifteenth or twen¬ 
tieth year. The lessened liability with increasing age 
is greater than can l>e accounted for either by protection 
afforded by provious attacks, or by diminished expo¬ 
sure to infection. 

There is, therefore, a double gain in shielding a 
child from infection during the firat few years of his 
life. Every year of escape after the fifth leaves him 
less and less susceptible, until finally he becomes al¬ 
most immune; and secondly, if he should be attacked, 
every year that the attack is delayed reduces the 
danger to life, and also the risk of formidable compli¬ 
cations that may become chronic and disabling, even 
if not immediately fatal. ’ 

Females are, upon the whole, more liable than 
males, but the attacks are somewhat less fatal, and 
hence up to 10 years of age the mortality is higher 
among males than among females. At ages above 10 
the female deaths exceed the male, owing, no doubt, 
to the greater frequency of attack among women who 
have the charge of children. The death-rate from 
scarlet fever in England and Wales steadily de¬ 
clined from 971 per million in 1861-70 to 106 in 
1901-10 ;and in 1911-14 it fell to 60. This reduction 
has been due not ft) lessened prevalence but to less, 
ened severity and mildness of tyj)e.“ 
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Scarlet fever is for the most part an epidemic disease. 
Sometimes it will disappear entirely for years, or “sporadic” 
cases may occur without any serious general prevalence. Tn 
certain manufacturing towns, on the contrary, it may bo said 
CO be endemic, although subject to frequent epidemic out¬ 
bursts. 

Graves noteu that scarlet lever was prevalent and malig¬ 
nant in Dublin from 1801 to 1804 ; during the z^xt 27 years 
epidemics recurred at intervals, but the typo was always mild 
and the moi’tality slight; in 1834 the disease reverted once 
more to the old malignant form; but in the next four decennia 
it was mild, with low mortality. Several instances are on 
record in which the type has suddenly changed during an 
epidemic from mild to seveix*, or vice versa. In some epidemics 
the case-mortality is as low as 3 per cent., or even loss, while 
in others it may reach 30 per cent. As a rule the cases are 
more severe during tho early part of an epidemic, and among 
children more fatal in town than in country, and more fatal to 
boys tlian to girls. 

No adequate explanation has been offered of the causes that 
determine the rise and fall of scarlet-fever epidemics, and still 
less of the causes of the variations in type. Seasonal changes, 
especially meteorological, doubtless have an influence, but this 
is snpeimded upon the true epidemic wave. During the inter¬ 
epidemic intervals the proportion of susceptible persons in- 
(Tcases, but as regards ages above 5 years the delay los^ns 
the susceptibility, and it does not appear that tho intensity* of 
the outbreak bears any relation to the length of the previous 
interval. 

I^llnical features. —The period of incubation is 

usually three or four days, but it would appeal* that 
in exceptional cases it may be less than twenty-four 
hours, or as long as seven days. Some authorities 
believe the usual incubation period to be much longer, 
but Tonge>Smith’s exact observations upon some cases 
which, owing to error in diagnosis, were exposed to 
infection during transit to hospital in an ambulance, 
afford strong proof of the accuracy of tlie estimate 
given above. 

The onset in well-marked cases is sudden, with 
vomiting, rigors,' headache,'pyrexia, and sore throat 
as prominent symptoms. The red rash follows in 
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about twenty-four hours. It is at firat puiictiform, 
but becomes diffuse. It is usually seen firat about 
the neck and chest, but may spread over the whole 
body. The face generally remains clear of rash, 
though it may be flushed, leaving a pale ai'ea 
around tjie mouth. The rash occurs most markedly 
on pointd of pressure and at flexures. It increases 
for one or two days, and begins to decline in two or 
three days more. Desquamation begins as soon .as 
the rash disappears, the chest being the first and the 
hands and feet the last parts to clear. True relapses 
occur in 1 or 2 per cent, of the cases, usually about 
a month after the onset. 

Infection is given off from the first onset, 
and for a period that is seldom less than five 
weeks and not infrequently exceeds two months. It 
has been the practice to isolate until every trace 
of desquamation has disappeared from the feet, 
and still longer isolation may be necessary if any 
symptoms remain, such us discharges fi-om the 
nose or ears, or albuminuiiii. But it is now not 
unusual to discharge cases from hospital after six 
weeks’ detention if there are no pasal or aural dis¬ 
charges, regardless of desquamation, Jhe later degrees 
8f which are probably non-infections. 

The virus of scarlet ftwer retains its vitality for 
long perio<ls, possibly years, under favourable condi¬ 
tions, and can be lodged in crevices, or carried in 
garments, etc. 

EpideinloIOKy,—By far the commonest mode 
of infection is from a previous case, either by contact, 
by proximity, or by means of infected articles. 
VVhether the virus‘is usually inhaled or swallowed 
is less certain. Aerial convection for short distances 
—across a room, for example-may l>e a.ssumod, but 
there is no proof* of radiation of infection from 
sCarlet-fever hospitala Home' (^tfforities hold that 
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lit 'school ages notifications of scarlet fever, as of 
diphtheria, are lessened by holidays. 

Nothing is definitely known as to any relation 
between soil and scarlet fever. There is no evidence 
that drinking-i^hter can carry it, bnt milk certainly 
can, if infected from a human case of scaijet fever, 
and epidemics such as the Hendon outbreak suggest 
that the cow itself may not improbably be a source 
of infection. (iSee p. 14.1.) 

It is at least doubtful whether “insanitary con¬ 
ditions” as to drainage, etc., have even a predisposing 
influence as regards this disease, but it seems probable 
that they may seriously affect the chances of recovery 
and promote septic complication. 

It is often held that puerperal women are liable 
to acquire scarlet fever in a dangerous form, and that 
under such conditions its course may be modified 
and constitute a variety of puerperal fever. In the 
event of infection under such conditions scarlet fever 
may run a normal, and even mild, course. 

Infection is given off by the breath and secre¬ 
tions from the nose, mouth, and throat; and most 
freely in the earlier and acute stages. How far the 
desquamated cuticle is infective is a matter of some^ 
doubt, direct experimental proof being wanting. 

Bacteriology;— The pathogenic microbe of scarlet 
fever, according to Klein and Gordon, is a streptococcus 
(Streptoeocms learlatina or conglomeratut), which 
they isolated from the blood and nasal and tonsillar 
discharges of persons suffering from the disease. These 
observers have growh the streptococcus in broth, gela¬ 
tin, agar, milk, and blood senim, in several of which 
media it gives a characteristic culture. It is pathogenic 
for mice and rabbits. Gordon believes that both S. i>yo- 
genes and S. scarlatirUB play a part in the causation 
of scarlet fever, but that S. scarlatinas is the more 
■important of the two, and occupies a petition in 
2b 
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the baoteriologioai kingdom between S. pyogenes and 
£. dipktheriee. Baginsky, Sommerfeld, and Claes have 
also isolated streptococci which they believe to be the 
cause of scarlet fever. Streptoco^ have been dia- 
covered in the nasal discharges of ad /anced convales¬ 
cents, and in the throat secretions long after apparently 
complete recovery. This persistence may afford an ex- 

f lanation of the obscure “return cases ” of scarlet fever. 

t should not, however, be forgotten that a streptococ¬ 
cus occurs in the saliva of healthy persons (Gordon), 
Mair believes he has isolated a specific diplococcus. 

The preve,Utlve measures available are isolation * 
and disinfection. Considerable difficulty arises from the long 
duration of the infectious stage, covering, as it almost invari¬ 
ably does, a period of at least four or five weeks after the 
pntient has ceased to be ill. It is practically impossible, in a 
working-class household, to maintain the requisite seolurion. 
and the comparative fre^om and better h^rgiene in hospital 
are conducive to the pationt’s wel&re. Another source of 
difficulty is the occurrence of slight cases. There may be 
no noticeable symptoms whatever Myond sore throat, or slight 
desquamation, ana yet any case, however slight, is capable of 
epr^ing Infection. On. the oUier hand, the abort, and ap|«- 
rently non-in^tious, incubation ^riod, and the early appear¬ 
ance and distinctivo characters of ^e rash and other symptoms, 
^nder this disease much more easy to deal with than measles 
oOr whooping-oongh, if proper facilities sue afforded. Schools 
are often instrumental in spieadine infection, and it may he 
necessary to close them when epioemio pievedence is tii^t- 
,ened. Molars from infected households ri^ould be excluded 
tet at least six weeks, and only readmitted upon a medical 
oertifloate, but a quarantine of two weeks is sufficient the 
persons attacked have been removed to hospital and the 
premises disinfected {$ee p. 243). Special care is needed in 
guarding milk'supplies from risk of direct or indirect in^eotion 
qom a case of soanet fever, and there should be no hesitatimi 
in stopping the business if necessary. At the same time, it 
, seems tnat noillng the milk removes all danger, 

Dipbthbbia 

Although the lenm “diphj&erift” was only into>« 
duced by Bretonn^S j|n 1828, Ipidbipics of malignant 
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gore throat destroying life by suflocation, attacking 
children rather than adults, and sometimes leaving 
paralytic sequelte, have been described from the earli¬ 
est times. According to Hirsch, there is a tendency 
to cyclical epidtmic or pandemic waves, lasting often 
for many years, and followed by long in^rvals of 
comparative quiescenca This long epideimo wave 
length is characteristic of diphtheria. Although no 
climate gives immunity, the tropics suli'er less than 
cold and temperate climates. During last century 
Prance was one of the principal centres for diphtheria, 

■ In England localized epidemics occurred in 1818-25, 
after which the country was almost free from the 
disease until 1867, when it appeared as part of a 
general prevalence adecting almost tlie whole of 
Europe. The mortality incieased during the next 
ten years, reaching 247 per million persons living. 
Since that time the disease has held its ground in 
England, and at the beginning of the last decade of 
last century showed a maximum prevalence, and a 
fatality of 272 per million. Its tendency recently has 
been that of a steady decline, due to improved and 
more rapid diagnosis and to the use of antitoxin. In 
1916 there were 5,208 deaths from diphtheria in 
England and Wales, giving a death-rate of 0'14 per 
1,000, against 0‘60 per 1,000 in 1S91-1900. 

ScBaon.—The curve of seasonal prevalence of di^- 
theria shows a relation to cold, the maximum mortality 
being reached in November to February, and the 
minimum in the summer. In New York the curve is 
similar. Records of epidemic prevalence ahow. the 
same preference for the cold months (winter and 
spring), Emd many are associated with cold and wet 
weather. There are, however, many exceptions, in 
some of which heat has been regarded by local ob¬ 
servers asihdueing, and cold as arresting, the epidemic. 
Ih)Oreat Britain atmosnheric humiditv is oonsidteed 
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most favourable to the prevalence of diphtheria, but 
malignant epidemics have occurred in excessively dry 
weather in California, and Newsholme holds that 
the disease becomes epidemic in years or places in 
which the rainfall is deficient. , 

Diphtheria occurs upon high and low levels, and 
upon (fly and moist soils; but Kelly observed 
a greater average prevalence upon damp soils, and 
this relation seems to hold good in many other parts 
of the country. A special incidence of diphtheria 
in damp houses has often been noted. 

Locality. —Diphtheria was formerly, upon the 
average, more prevalent in rural than in urban 
districts; but in recent years it has shown a marked 
tendency to establish itself in towns, particularly 
affecting young children. Longstaif compared the st^ 
tistica (1865-80) of the various registration counties 
in respect of their average density of population and 
average mortality from diphtheria, with the following 
i-esult;— 


Kean diDh- 

Dense dte(ric(« 

itfedium dtetrKrfa 

$paree dielnets 

tlieria 

(leMtban lacre 

' (1 to 2 acres per 

(over 2 acres per 

moitalitjr. 

per person). 

' person). 

person). 

1855-60 1 

0128 per 1,000 

: 0182 per l,(m 

0-248 per 1,000 

1861-70 1 

0163 „ 

0164 „ 

0-228 „ 

1871-80 

0114 „ 

0125 „ 

0182 „ 


The peculiarity of the distribution of diphtheria in 
regard to population suggests that its causes " should 
not be sought for primary in any high development 
of civilization, such as sewers, but rather in some con¬ 
dition associated with a more primitive form of life ” 
(Longslaff). A disease closely resembling diphtheria 
in many respects ha^ often iMn observed to attack 
eats, pigeons, fowls, and horses during the preva¬ 
lence of human diphiberia. This eoincidenoe suggests 





DIPHTHEEIA 


m 


xni] 

that some part of the incidence upon rural dis¬ 
tricts may be due to infection from lower animals. 
Some of the symptoms of diphtheria have been 
produced in animals by inoculating them with 
diphtheritic material. Several minor outbreaks have 
been traced to infected cats from whosg bodies 
the bacillus has been isolated. 

Diphtheria frequently occura in a pui-ely sporadic 
form, no clue to any source of infection being dis¬ 
coverable, but all cases, whatever their origin, are 
highly infectious. It may be regarded as endemic in 
certain localities, sporadic cases bridging over the 
intervals between more or less frequent epidemics. 

Air.— Several otherwise inexplicable outbreaks in 
secluded positions have been attributed to transmission 
of infection by wind for a distance of some miles. 
There is no a priori improbability in this explana 
tion, but it seems clear that no such wind-convection 
can occur in those outbreaks that remain limited to 
certaui streets or even houses in urban districts. 

Water has been suspected of conveying in¬ 
fection, but no complete demonstration has l>een 
made out. 

IHlIk, on the contrary, has been abundantly proved ^ 
to convey the diphtheria poison (see pp. 137, 142^. 
Many extensive outbreaks have been traced to this 
agency, and careful inquiry has brought to light a 
close relation in such cases between the quantity of 
milk consumed and the danger of attack. The milk 
may become, infected by some person suffering from a 
slight attack of diphtheria, but we have now to bear 
in mind the possible occurrence of bovine diphtheria 
and of.infection from the cow itself. 

Drainage efliuvia.— Diphtheria is more severe 
and more prevalent among persons exposed to foul 
gases from sewers or draina The ralation is, how¬ 
ever, by no means direct Houses with the worst 
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fprou of drainage defects may remain free from 
diphtheria for indefinite periods, and many oases 
of diphtheria occur in premises in which no defect can 
be found. The same may bo said of other insanitary 
conditions, notably dampness of house, accumulations 
of mam^re and other filth in proximity to houses. 
All thesb ought probably to be regarded as predis¬ 
posing causes only. 

Age and sex.— The mortality is greater among 
females than among males at all ages between 3 and 
45 years, and hence at all ages taken together. In 
both sexes the mortality increases from infancy to a 
maximum in 'the fourth year of life, and declines 
steadily thereafter, but there is a somewhat greater 
moidality (in proportion to the comparatively scanty 
surviving population) after the fiftieth year. Of the 
whole number of deaths ascribed to diphtheria, 63 per 
cent, occur at ages under 6 years, and 82 per cent, 
under 10 years. 

Incnbatlon.— “ The most cofnmon period of in¬ 
cubation in diphtheria is from two to three days; 
IpsS frequently the period is diminished to 24 hours 
or extended to four days; and the limit between an 
almost immediate operation of the infection and a 
delay of six or seven days practically covers the period 
of. incubation for preventive purposes” {Thome- 
Thome). The early symptoms are often insidious, but 
as a rule the membrane is visible within a day or two 
of the onset, if not at first. In non-fatal cases the 
disease usually runs its course in two or three weeks. 
The case - mortality varies greatly in difierent epi¬ 
demics, and there is little constancy even in the same 
epidemic. It is usually high in well-marked out¬ 
breaks : in pre-antitoxin days it was firequently 
30 per cent, or more. It is now generally between 
5 and 10 per cent. . The protection conferred by an 
attack <A. diphtheria does not agpdtur to be very |^t. 
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The mortality of hemorrhagic diphtheria, which is 
contined to children (less than 5 per cent, of cases), is 
over 80 per cent. The cases which recover suffer 
from extensive paralysis. Treatment of these oases 
should consist m large doses of antitoxin associated 
with frequent adminisbration of adrenalin. 

Oresswell raised an important question in regard to those 
persons who have suffered from diphtheria in former years, and 
in whom acute inflammation of the tonsils is set up by change 
of weather or triHing exposure. He observed that among 
those associated with them at such times, diphtheria is apt to 
occur without discoverable oiuse; and suggested that the 
chromic morbid condition may really be a latent form of 
diphtheria, the occasional recrudesc^noo^if which becomes die 
starting-point for the spread of infection. 

Slis:ht cases, in which the symptoms are scarcely recoraU- 
able, are extremely difficult of diagnosis. During prevalence 
of diphtheria any sore throat should be regarded with 
suspicion, even if no membrane is visible and the constitu- 
ti'inal symptoms are wanting. There is no n^essary relation 
between the severity of attack in two cases of which one is 
infected from the other; the slighter case may impart fatal 
infection. In doubtful cases, where no membrane oan be 
found, some assistance may be given by the knowledge of the 
existence of other cases of diphtheria, and paralytic sequebe 
may ultimately clear up an obscure diagnosis. The breath 
and sputa ara infectious from the first. Clothing, fumitui^ 
and even walls and floors, may retain the virus tenaciously. 

• 

Scboolft. —Schools afford, as Power observed in 
1876, a favourable ground for the spread of diphtheria. 
There children at the most susceptible ages are 
brought together for some hours daily in close 
contact, often In a moist and impure atmosphere,, 
with scanty ventilation; not infrequently siidh chil¬ 
dren use the same articles—towels, slates, pencils, 
etc.—and are brought into intimate contact with each 
other. JSloreover, as Thome-Thorne showed, a pro¬ 
gressive development of virulence and infeotiousness 
is brought about by the aggregation of alight (poaribly 
imreoagninble) oases among susceptible t^dren. 
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Among preventive meaenres, the first are 
notification ol all forms, isolation, and disinfection. 
Doubtful cases and “ carriers ” should be supervised, 
and no children from infected households allowed to 
attend school. Supervision of “ contacts ” should be 
kept up for a fortnight, and if necessary prophylactic 
inoculatit>n of antitoxin undertaken (500 units). 
Closure of schools may be advisable if many oases 
have occurred among the scholars, or if diphtheria is 
prevalent in the district, and especially if the school 
is the means of bringing children from infected 
villages*into contact with others. {See p. 244.) Bac¬ 
teriological examination should be instituted and 
throat swabs taken of all children in an affected class 
or group. Milk supplies found to be implicated in 
the spread of infection must be stopped at once, and 
most rigid precautions should be taken in regard to 
households connected with the milk trade. Lastly, 
insanitary conditions should he soirght for and 
remedied. 

BacterioIOKy-— It is now generally held that 
diphtheria is caused by a bacillus discovered by 
Klebs in 1883 and isolated by Lciffler in the following 
year. It is a slender rod, straight or slightly curved, 
find beaded; there are also irregular^and club-shaped 
forms. It differs in size according to its culture 
medium, but is generally 3 to 4 p in length. Cobbett 
and GrtAam-Smith recognize five morphological types 
of diphtheria bacilli on young serum cultures: 
(1) oval bacilli, with an unstain^ septum; (2) long, 
faintly-stained, irregularly-beaded bacilli; (3) long, 
regularly-beaded bacilli — “ streptococcal ” forms ; 
(4) segmented bacilli; and (5) uniformly-stained 
bacilli. All these forms are longer than the pseudo- 
diphtheria bacilli, more curved, and generally with 
clubbed enda Injbe membrane which is its strictly 
local habitat in the body—indeed, ith the exception 
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of the secretions of the pharynx and larynx, and occa¬ 
sionally in lymph-glands and the spleen, the bacillus is 
found practically nowhere else in the body—it some¬ 
times shows parallel grouping, lies on the surface of 
the exudation, and is separated from the mucous mem¬ 
brane.by the florin. The bacillus possesses at least 
four negative characters; it has no spores* and no 
power of motility; it does not liquefy gelatin, nor does 
it produce gas in cul¬ 
tures. It is stained 
with LdflSer’s methy¬ 
lene blue, and shows 
metachromatic 
granules and polar 
staining. Its favour¬ 
able temperature is 
blood-heat, though it 
will grow at room 
temperature. It is 
aerobic. Loffler’s 
medium is made by 
mixing three parts of 
ox-blood sernm with 
one part of broth con¬ 
taining 1 per cent, 
of glucose, 1 per cent, of peptone, and A per cent, of 
common salt; the whole is coagulated. Upon this 
medium the Klebs-Ixifller bacillus grows rapidly in 
18-20 hours at 37° C., producing scattered, round, 
white colonies, becoming yellowish. The bacillus 
grows well in broth, but without producing either 
a pellicle or turbidity; it can grow on the ordinary 
m^ia, though its growth on potato is not readily 
visible; on the white of egg it flourishes extremely well. 
In a moist condition, apart from the body, the bacillus 
has a low degree of resistance, but when dry can sur¬ 
vive for long periods. The bacillus is secured from 
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-the throat by examination of a piece of the membrane 
or by a swab. Three examinations should be made 
before concluding that the throat is clear. About 
30 per cent, of clinical cases of diphtheria offer no 
bacteriological evidence of infectioi;. The bacillus 
may exist in the throat of infected persons for long 
periods, thven several montiis, causing such persons, 
though apparently healthy, to be infectious. It may 
also be present in the throats of persons who have 
not suffered from the disease—“ carriers ”—and this 
fact doubtless furnishes the explanation of some 
sporadic cases and obscure outbreaha 

K pimdo,diphtheria baciUus described by Hoff- 
inann has somewhat similar characters to the true 
lUebs-lioffler bacillus, and is frequently found in 
Jhealthy throats, especially in children of the poorer 
classes. It differs from the true diphtheria bacillus 
in the following ways ; it (a) is thicker in the middle 
than at the poles; (6) forms no acid in glucose culture 
media; (c) does not give Neisser’s stain reaction; (d) 
differs in artificial culture; (e) does not agglutinate 
like B. diphiheriee, and (/) possesses no pathogenic 
action. It is probably innocuous, but in practioe it 
is the safest course to look with suspicion upon any 
r throat harbouring pseudo-diphtheria bacilli.* 

* There are a number of other bacilli from which the true diphtheria 
bacillus must be differentiated. These include the 6. torytot 
S. aseroeis, and a number of "diphtheroid” bacilli, and organfams from 
naaal and anrel diecbarges. There are certain chief charsctera by which 
the true diplitheris bacillus may be known: (a) The macroscopic and 
microscopic appearanca of the growth on blood sertun the bwsviour 

of the baoUlue to Ldffler'a blue, Oram's ataln, and Keisaef’s etalu for 
grannies : (e) the acid reaction of a enltura In alkaline broth oontalsiBg 
S per otnt of dextrose after 48 hours at 8T? 0.*; (d) the Inviail^e groww 
on potato; fe) the itathimnic tent^l C.C. of broth culture, 48 hours' 
growth at 87* 0., iigectea sukcotaneously into a 80O-M0 grm. guineapig, 
placed death generallv in 48 h 'ure, anilst poet mortem hBmoithagio 
necrosis and oedema are found locally, the Intemsl orgsoe are oongestod, 
the pleural, pericaidial, and peHt<meal flid ls are inereased, and the 
suprarenal eapanle* are enladlfea and engor;^ with blood; (/) the viro* 
lance of the organism oe its toxin is oom^^ly nentralisra by a slini^* 
taneous dO'W at dtplitii>ria antitoxin. For purposes of rapid di^^iotis,. 
<a) mid (h) are usually aooeptad. • ; e 
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Antitoxin treatment of diphtheria.— Diph¬ 
theria antitoxin, prepared as described at p. 383, 
is injected subcutaneously between the crest of the 
ilium and the last rib. Strict asepsis must be ob¬ 
served, and th^doses should be as large as practicable 
(2,000-6,000 units). Antitoxin is now very widely 
used in the treatment of diphtheria, and is iiilreasingly 
used as a prophylactic in “contact” persons (300- 
500 units). 

The following summary of the antitoxin treatment of 
all forms of diphtheria at the hospitals of the Metropolitan 
Asylums Board, 1895-1913, compare with the results obtained 
before the adoption of that treatment, affords striking evidence 
of the efficacy of diphtheria antitoxin:— 
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Its value is particularly noticeable in children under 5 years 
of age, in whom there has been » steady proportionate decline 
in mortality. 

At the Brook Hospital, MacOombie has kept recorda 
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showing the results of the antitoxin treatment, with special 
reference to the day of the diseoJie on which ti^tment 
began, in order to’ illustrate the benedcial efiect of oarly 
administration:— 
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Similar reduction in mortality has taken place 
after using antitoxin in New York, Berlin, and Paris. 

It is now customary not to discharge diphtheria 
patients from hospital until two consecutive bacterio¬ 
logical examinations of the fauces have proved 
negative. In the hospitals of the Metropolitan 
Asylums Board this results in an average length of 
residence in hospital of 60 days. 


Choup 

This disease is credited with an annual deatlurate of between 
i)'l and O'd per 1,000 living. There can be «o doubt that many 
deaths from diphtheria and laryngitis have been attributed to 
croup, and ns some authorities still maintain, there is a true 
“ croup —^that is, a non-infections membranous kryngitis due 
mainly to wet and cold, and not followed by paralysis—it is of 
leas frequent occurrence than the death retmrns would imply. 
The deatb-rate from croup is dedining, and the dooline is pro* 
bably due to improved diagnosis. Outbreaks of diphtheria are 
commonly attended with cases of so-called "croup,” which 
upon investigation prove to be diphtheritic. 

The seasonal curve of deaths attributed rightly or wrongly 
to croup has its maximum in the cold months &om December to 
March. It is much later thah that of diphtheria, and approxi¬ 
mates more closely to the laryngitis curve. In the distnbution 
as regards age and sex^ further diFerence from di^thoria is 


* Por all Metropolitan AsylumH liospItalR. 
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noticeable. Croup ie iitore fatal to mal^ thau to females on 
the whole, the mortality among females being lower up to 
16 years of age. The highest mortality in both sexes occurs in 
the second ^ear of life. In all these respects croup is allied 
to lar^gitis rather than diphtheria. 

Ertsipelas 

Erysipelas occurs in all parts of the world, bdt more in 
temperate regions than elsewhere {Uirteh). In North Ame* 
rica it has repeatedly taken the form of widespread and 
malignant epidemics; and in England and elsewhere virulent 
outbreaks often originated in former years in hospitals, 
especially in surgical wards where cleanliness, ventilation, air¬ 
space, drainage, and other sanitary essentials were neglected. 
At the present time outbreaks of this kind are rare, and 
erysipelas is chiefly met with in sporadic form. In its seasonal 
curve, and also in its local attachments and periods of recur- 
lijnce, it is closely allied with scarlet fever and diphtheria, and 
still more closely with puerperal fever. It attacks males more 
than females, and kills more in early infancy than at any other 
period of life, although the mort^ity increases again after 
26 years of a^. After inoculation the incubation is usually 
from one to three days. It is not certain whether the 
disease is ever acquired except through some bleach of con¬ 
tinuity of skin or mucous membrane, but the occurrence of 
so-called “idiopathic” (non-tmumatic) erysipelas points to 
this. The pathogenic microbe is a streptococcus, K^dily 
cultivated, and reproducing the disease upon subsequent 
inoculation. 

Typhus Fever 

Typhus has only comparatively recently been dis¬ 
tinguished from enteric fever, but the two diseases are 
widely different in their etiology and epidemiology. 

Typhus epidemics have been Kcorded in considerable num¬ 
bers for several centuries past, more specially in times of war 
and famine, and were common in the seventeenth century and 
up to 1816. The onlv neat epidemic in Europe since that 
time was in 1846*7. fr^nd has been fiom earliest times one 
of the chief cent^ of the disease. Russia being another. 
AlUioiigh for the most part limited to cold and temperate 
olimat^ typhus is by no means unknown in many hot 
countries, bnt usually at considerable elevation; 'i'he di^reni 
haoits of life, and especially the abundant ventilatipo, whi^ 
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prerail in warm countries may help to acoonnt for their corn- 
paratire immunity^ hut as the effect of season remains marked, 
there is probably some further influence at work. In former 
times, epidemica of typhus frequently reached England, appar* 
ently by invasion from Irel^d; hut for many , years past 
typhus has almost entirely disap^red from,the southern and 
midland towns of England, although still occurring in the 
large town! of the north and of Scotland, especially those con* 
taining a large Irish population. The last general epidemic in 
Ireland was in 1862-4 ^mine and distress). 

Cases of typhus are moat numerous in winter and spring, 
and in warm countries epidemics seldom occur at any other 
season. Jn countries in which typhus is common, however, 
the origin and course of epidemics are not checked by either 
extreme of temperatuie. 

Telluric conmtions are not known to have any influence. 

The great preilisposing causes of typhus are over* 
erowding, lack of ventilation, filth, debility, and priva¬ 
tion. Wars and famines in former centuries were fre¬ 
quently followed by outbreaks of fever, among which 
typhus was prominent. "Gaol fever” (typhus) was 
common in English prisons up the last century, 
owing to their filthy and overcrowded state. Better 
ventilation of vessels has rendered “ ship fever” almost 
unknown, but accidental repetition of the old condi: 
dons, even in recent years, has led to fresh ontbr^ks 
of typhua Typhus broke out in the Crimean War, 
1854-5, in the Franco-German War, 1870, and in the 
European War (Balkans), 1915-16. 

It is not clear that any race or class is especially 
susceptible, or the reverse, apart from the conditions 
under which they live; but, for the reasons already 
stated, the poorest classes suiter by far the most 
Worn typhus. , 

Age and sex.—The mortality from typhus in- 
orea^ from childhood to about 60 years of age, and 
th^ declines somepvhht. It is greater among maleSi 
ezeept, perhaps,-in diildhood. Handford finds that 
the euseeptibility is greatest'i% tie lO-ld'yeays agei 
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period, but that the case-mortality, i.e. the proportion 
of deaths to attacks, is at its minimum in this period, 
and rapidly increases at later ages. Spear has called 
attention to the mildness of the symptoms in children, 
owing to which rthe initial attacks in an outbreak are 
liable to escape diagnosis. , 

The IncabBlIon period seems to be very vari¬ 
able, and, according to Murchison, may be only a few 
hours or as long as three weeks or more. It has been 
observed to be short in certain cases after exposure to 
the poison in a concentrated form. Perhaps twelve 
days may be taken as the most usual duration. The 
rash appears within a week after the onset, and, eu a 
rule, on the fourth or fifth day. The disease generally 
terminates in death or convalescence about the end of 
the second week, and isolation may be terminated in 
ten days or a fortnight more. The mortality averages 
about 20 per cent., but varies with the age, condi¬ 
tion, and surroundings of the patient, and with the 
epidemic, 

Infectloii is given off by the breath, probably 
by the exhalations from the skin and mucous mem¬ 
branes, and possibly by the excreta. It is believed 
that the disease is largely spread by vermin, especially 
fleas and body-lice. According to Murchison, the* 
infeotivity is more active after the first week.< The 
air imm^iately surrounding the patient appears to 
be infectious, but its virulence is rapidly lost by dif¬ 
fusion—a result that may be attributed to dilution, 
or desiccation. The poison clings readily and strongly 
to clothing and other fomites, but has not been 
shown to be conveyed by water, or by milk or other 
food. Doctors and nurses in typhus wards rarely 
escape for long unless protected by a previous attack. 
Second attacks are rare. _ 

The powerful predisposing influenoe of overcrowd¬ 
ing and want ventilation may be explained by thO 
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facilitiea which they give for infection and for concen¬ 
tration of the poison, as well as their effect in render¬ 
ing the individual more susceptible. 

No pathogenic microbe is yet known, but it may 
safely be inferred from analogy that, without the 
presence of a specific virus, no intensity of the 
favouring conditions can originate an outbreak of 
typhus. It is, nevertheless, true that the disease often 
makes its appearance suddenly among overcrowded 
and filth,y communities—on shipboard, for example— 
in instances where no previous case can be traced. 

Typhus is essentially a preventable disease. Isola¬ 
tion of the patient, disinfection, and quarantine of 
persons exposed to infection will rarely fail to arrest 
a localized outbreak. Cleanliness and ventilation are 
auxiliaries of the first importance. 

Enteric Fever 

Typhoid fever was differentiated from typhus in 
1850 by Jenner. It is a disease of practically world¬ 
wide distribution, but is less prevalent in tropical 
regions than elsewhere. In England it is decreasing 
in prevalence, and in 1916 contributed not more than 
003 to the average general death-rate. The death- 
rate in England and Wales in 1871-75 was 374 per 
million; in 1906-10 it was only 70, and it is still 
rapidly declining. The case-mortality is usually about 
15 per cent 

Season.— In England the greatest prevalence 
occurs in October, and the minimum in Hay or June. 
The autumnal maximum is very general, but the 
exact position of the summit of the curve varies 
in different countries; in New York it occurs in 
September. High or low temperature of the has 
in itself no cloar relation to enteric prevalence, nor 
has the rainfall, but instances ,are recorded in which 
hot and dry summers were flllowed by high mortality 
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(torn the disease, upon the occurrence of rain, and the 
reverse after cold and wet summers. It is probaWei 
itt view of the frequent relations between telltfric 
conditions and enteric fever, that meteorological'Cotii 
ditioria act mainly by modifying the tehiperalure and 
moisture of the soil, and that rainfall m^ either 
increase or diminish the chances of an 'outbreak 
according to the previous condition of the ground. ' 
Soli.— Pollution of the earth by animal mattery 
especially if excremontitions in origin, is conducive td 
the endemic or epidemic prevalence of enteric fever; 
Pettenkbfer and Buhl have traced a connexion be¬ 
tween the movements of the ^olind-water and the 
occurrence of enteric-fever sickness and mortality in 
Munich, which has been confirmed by further ob¬ 
servation in Berlin and other parts of Germany, and 
elsewhere. “The total of the cases of sickness and 
death from typhoid falls with the rise of the subsoil 
water, and rises with the fall of it; . . . the level 

reached by the disease is not in proportion, however; 
to the then level of the subsoil water, but only to the 
variation in it on each occasion; or, in oth jr words, 
it is not the high or low level of the subsoil water that 
is decisive, but only the range of fiuctnation ” (IKrach). 
This relation is so constant as to leave no room foi» 
doubt as to its reality and significance in the localities 
in question, but it does not appear to hold good 
in England, and Fodor has found exactly the reverse 
in_ Pesth. In many places where enteric fever 
occurs, the subsoil water is so deep and its movement 
so trifling that there is little probability of its pW- 
duoing any material effect. In Munich the soil' fe 
porOuB, the ground-water high, and, until recently, 
leaking cesspools are said to have been nniverSal. Mm 
Buchanan has pointed ont, the purity of water in 
wells is liable to be affected' by changes in the leVel 
Of' the ground-water, and the readiness with whieh 
2o 



434 


INFECTIVE DISEASES 


[chap. 


enteric fever is spread by means of specifically polluted 
water must not be lost sight of. The specific microbe 
is able to thrive in moist soil and upon dry Unen, for 
upwards of 70 days. (Pfuhl, FirA.) 

Air does not appear to carry the poison of enteric 
fever under ordinary conditions even for the shortest 
distance)^ and the chances of infection by mere 
proximity to a patient are slight, though occasionally 
instances suggestive of this are met with. Infection 
from the sick to the healthy by direct or indirect 
contact is, of course, one of the commonest means of 
spreafling the disease •, water and milk being others. 

Water,— While water polluted even with ex- 
cremental filth has often been drunk for years by 
numbers of people with impunity so far as enteric 
fever is cbncemod, contamination with the excreta of 
a case of enteric fever has repeatedly been found to 
result in widespread outbreaks of the disease, the in¬ 
cidence of which in such instances exactly follows 
the distribution of the water, and affects only those 
persons who drink it. Such outbi-eaks rise suddenly 
to considerable proportions, but decline gradually. 
Corfield collected particulars of more than 60 water¬ 
borne epidemics of typhoid between 1864 and 1902. 

, Some have arisen from specific pollution of shallow 
wells, as at Quildford in 1867, in the Uxbridge 
Bural District in 1882, at Hitchin in 1883, at 
Beverley m 1884, etc. j others from the pollution 
of deep wells. Thus an outbreak of enteric fever 
at Bedhill and Caterham in 1876 was traced l)y 
Thorne-Thome to pollution of one of the well-adits at 
the Oaterham Waterworks by the excreta of a work¬ 
man suffering from a mild attack of enteric fever, 
the organic impurity of the water, as shown by 
analysis, being extremely small. Another case of in¬ 
fection of a deep well was at Houghton-le-Spring, 
Durham, in 1889. The Iwge ontbret^ at Worthing 
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in 1893 (1,315 cases) was due to the consumption of 
water from a new heading which was contaminated 
by sewage. The water-borne poison is not depen¬ 
dent upon the organic matter in the water, but upon 
the specific pollution, which is not necessarily large 
in quantity. 

Innumerable other instances are on "record in 
which direct and obvious excretal contamination of- 
wells, springs, streams, cisterns, reservoirs or water- 
mains has been followed by enteric outbreaks upon a 
large or small scale, according to the number of 
persons drinking the water. As illustrations may be 
mentioned the outbreaks at Caiiis College, Cambridge, 
in 1873, at King's Lynn and Maidstone in 1897, 
and at Lincoln in 1906. Buchanan found that, in 
the case of Cains College, the water in the main at 
"free Court, which was chiefly aflfected, was con¬ 
taminated by suction into it, during the periods of 
intermission of supply, of foul air from a soil-pip^ 
through a “ weeping pipe ” which supplied the trap 
on' the waste-pipe of the safe-tray of a water-closet, 
the trap being liable to siphonage. The King’s Lynn 
outbreaks (1892 and 1897) were traced to pollution 
of the sources of the water supply, namely, flie river 
Oaywood, with typhoid excreta; and the same applidk 
to the great outbreak at Maidstone (1,847 cases) in 
1897, which was believed to have been caused by 
pollution of the springs by excremental matter from 
a colony of bop-pickers. In both these cases the 
filtration of the water as delivered was inefficient. 
The outbreak at Idnooln in 1905 included some 900 
cases, and commenced towards the end of January; 
The river Witham and its tributaries, from which 
the supply was taken, were found pollute “by drain¬ 
age from land higMy cultivated, and occasionally 
manured with night soil?’ The effluent from a 
sewage farm discharged into the river above the 
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intake. In the autumn of 1904, and in January, 
1906, there were a number of oases of enteric 
fever in Lincoln, and, therefore, opportunity for the 
typhoid virus to gain access to the water supply, 
which, owing to increased acceleration duo to heavy 
demands, was not effectually filtered in the filter-beds. 
The resuli was a water borne outbreak of enteric 
fever, chiefly affecting households which did not boil 
their drinking-water. Many confirmatory observations 
have been made of places in which enteric fever, once 
endemic, has become rare coincidently with the 
substitdtion of a pure for an impure water supply. 
Thus at Miljbank Prison, artesian well water was 
substituted for Thames water in 1854, and the 
previous endemic prevalence of enteric fever dis¬ 
appeared. 

It is necessary to rememlier that the m-ino of the 
patient as well as the bowel discharges may contain 
the infective bacillua Horton Smith showed in 1897 
that the urine is infective in 26 per cent, of cases, 
and most frequently towards the end of the disease 
and during convalescence. In many recorded cases 
the typhoid bacillus has been found in the urine 
3, 6, 8, 12, and even 18 months after convalescence. 
^Semple, Greig, Aldridge.) Klingbr states that in¬ 
termittent periods of bacillary infection appear to 
last in some cases over several years, and this may 
be found to explain the intermittent occurrence of 
typhoid cases in houses and streets over extended 
perioda Other observers have found bacilluria of 
this kind present in between 10 and 30 per cent, of 
the cases examined. 

Cooid.—Milk was first recognized as a medium 
for the dissemination of enteric fever in 1867: 
Many instances have since been recorded, in England 
and other countnes, the infection being sometimes 
tcaced to the use of polluted water for washing the 
• 
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cans or diluting the milk, sometimeg to the milk 
being infected more or less directly by a person 
suffering from enteric fever (*<ie p. HI). Oysters 
have on many occasions been suspected of convey¬ 
ing the inf^tion of enteric fever (see p. 127). 
Fried fish (Hamer), ice-cream, wateferess,^ and other 
foods have also carried enteric infection. '• When the 
disease is thus contracted it is characterized by 
multiple cases in houses, and an exceptional age- 
incidence. 

Inaanltation, drain effluvia, sewer gases, 
emanations from manure heaps and other filth accu¬ 
mulations, and the retention of excremental matter 
in the immediaU! vicinity of dwellings, are often re 
garded as directly causing enteric fever. That they 
are powerful predisposing causes is Ijeyond doubt, and 
it may be supposed that persons exposed to their 
influence become more susceptible to the enteric 
poison. Alessi has shown experimentally that this is 
true of rats, rabbits, and guineapigs, after exposure to 
the effluvia from cesspools or excreta. The incidence 
of attack is heaviest upon households or districts in 
which drainage defects, or insanitary privies and earth 
'closets, exist, although it is often difficult to disfociate 
their influence from that of impurity of soil and waMb. 
Buchanan has shown that in the large English' towns 
improved drainage has greatly lowered the death-rate 
from enteric fever, and Newsholme states (1910) that 
throughout England and Wales counties persisting 
in the use of oonservancy methods of dealing with 
exoremental matters, and not having adopW the 
water-carriage system, have excessive enteric fever 
in all instances in which industrial conditions imply 
considerable aggregations of population." 

In connexion with infection contracted frdm 
ffllth. or through food the'agency of fllM must not 
■ be forgotten (mt p. 357). This was practiadly deraen- 
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■trated in the Spanish-Ametican War and the Boer 
War. They have also been shown to be an active 
agency in the spread of enteric and diarrhoea in urban 
communities. (Niven.) 

Iiocaiity,—Enteric fever is more .prevalent and 
more fatal, at all ages, in towns than in the country, 
and often'' fixes persistently upon one district, where 
the predisposing conditions mentioned elsewhere wUl 
usually be found to exist. In such districts new¬ 
comers are especially liable to attack; this has been 
observed on a large scale as regards soldiers newly 
arrived in India. 

Aire.—The Registrar-Ueneral’s figmes tend to 
show that the fatal incidence is less during the first 6 
years of life than between 5 and 10 years. The regis¬ 
tered mortality is low in infancy, high in the second to 
the fifteenth year, and then rises further to a maxi¬ 
mum between 16 and 25 years, after which it falls 
permanently. 

Sex.—More males than females die from enteric 
fever, but the mortality is greater among females 
from the fourth to the twentieth year of age The 
susceptibility, according to the Registrar-General, is 
greater among males from about the fifth to about 
the twenty-fifth year, and greater'timong females at 
all other ages. The average severity of attack is 
somewhat greater among females; 18'8 per cent.-of 
female cases end fatally, and 17 T of male cases. 

Typhoid “carriers.”— Since Drigaiski, in 1903, 
drew attention to the long saprophytic existence of 
the typhoid bacillus in the human intestine, much 
attention has been given to the subject of the 
typhoid “carrier” (i.e. the healthy person who yet 
carries infection in his body), and great numbers of 
cases have been recorded, particularly in Germany. 
Many of these esses have infected water, milk, and 
materials, as well as persons by direct infeotioa It 
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is estimated that from 2*3 per cent, up to 32 per 
cent, of the total amount of typhoid fever is directly 
due to such carriage. Ledingham considers that the 
proportion of carriers in an ordinary population is 
about 3 or 4 peii 1,000. He believes that the chronic 
carrier condition is more frequent in adult life than 
in youth, and in the female sex than in tie male, 
and he recommends as measures of prevention (a) 
the early and fuller detection and isolation of carriers, 
(6) strict personal cleanliness, especially as regards 
the hands, of the carrier himself, and (c) the 
safe disposal of the infective excreta.* Many cases 
have been recorded which seem to indicate that 
infection may be retained in the body for many 
months and years. 

Mode of infection.— The most frequent mode 
of infection is by contact or by the mouth, the virus 
either being contained in water, milk, or other food, 
or conveyed more directly by the unwashed hands 
after contact with infect^ matter. That the ex¬ 
creta and urine are infective is certain, and it is 
possible that infection is sometimes carried by the 
breath. Enteric patients are sometimes treats in 
hospitals side by side with other cases; but with 
scrupulous cleanliness, especially as i-egards the nurse’s • 
hands, and any clothing that may have become soiled, 
in however minute a degree, with the patient’s dis¬ 
charges, it seems that, although nurses are not infre¬ 
quently attacked, the infection has little tendency to 
spread to other patients. It is otherwise in crowded 
homes, and there can be no question that direct 
personal contagion has been ^he cause of not a few of 
the smaller outbreaks of the disease, and of many 
secondary oases in the larger epidemics (eg. in the 
Lincoln outbreak of 1905). 

* further urtinuUrB, tee Thirty'Nlnth Aun. Rep. L.CI.B-a 1009>1U 
(KeilUu Ott^'a^pptement), Od. 6SIS, pp. 340-A84. (r.ied(npraiii.) 
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The incnbatlon period is variable, from two or 
three days to three or even four weeks, perhaps most 
Visually 12 to 14 days. The insidious mode of onset 
renders exact determinations very difficult. The in¬ 
cubation is often short when the poi^pn is introduced 
by water or milk, In some of Budd’s cases it was only 
two. or three days, at Guildford ten or eleven days, in the 
Gatcrham outbreak fourteen days. Janoken records 
an instance in which a body of soldiers, not otherwise 
exposed to infection, marched through two villages in 
which enteric fever was rife, and drank fredy of 
Watert Two days later .3 were attacked by enteric 
fever; then. 7, 6, 0, 4, 5 in successive days, and 7 
mere within the fortnight—32 in all. The onset was 
sudden, but the course mild. Another section of the 
troops [Mssed through the same villages without 
drinkiugi and escaped illness. 

The duration of illness is usually about three to 
four weeks, but may be protracted by relapses. Second 
attacks are>not uncommon. 

The greatest care is needed to prevent all risk of 
contamination of milk supplies or water. The disposal 
of the excreta is a matter of great importance. They 
should be disinfected and disposed of at once. In the 
• country it is customary to bury* them away from 
houses or sources of water supply; in towns they 
ace usually dealt with like other excreta, but where 
pail-closets are used enteric excreta may- be separately 
collected and cremated, The urine, as we have seen, 
oftien contains the bacilli (in about 20 per cent, of 
eases). ' . . 

Bactetiolofry.—In IStiO-l Kberth announced 
the discovery of the typhoid bacillus in cases of clinical 
enteria fever. In 1884 it was first cultivated outside 
the body by Gaffky. Since then other organisius 
have been held responsible for the causation of the 
disease. In 1885 the B. ,doU tOi/imjtnw wds fecog- 
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nized, and it was a matter of debate among bacteri¬ 
ologists as to how far these two organisms were the 
same species, and interchangeable. Bacteriologists 
now generally regard the Eberth-Gaffky bacillus (f^g. 
61) as the sp*cific cause of typhoid fever, though 
complete proof is still wanting. About 3 per cent, of 



Fi(. 61.—Baoiiiua typbotna Troai pure oultarc. abowinl long filamentoui 
forms. X 900. 

typhoid cases are due to paratyphoid organisms 
(/ioycQU). Typhoid bacilli appear as rods, 2-4 /i long, 
0'6 g broad, having round ends. Sometimes threads 
are observable, being 10 g in length. The bacilli differ 
in length from each other, but are approximately of 
the sarojB thickness. There are no qmres. Motilitjr is 
marked, due to some five to twenty flagella of varying 
length. The flagella are-both terminal, and lateral, 
and are elastic and waVy. 
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The organism may be isolated from the ulcerated 
Feyer's patches in the intestine, from the spleen, the 
mesenteric glands, and the urine. Owing to the 
mixture of bacteria found elsewhere, it is generally 
most readily isolated from the spl^n. For this 
purpose the whole spleen is removed, and a portion 
of its cdpsule seared with a hot iron to destroy 
superficial organisms. With a sterilized knife a 
small cut is made into the substance of the organ, 
and by means of a sterilized platinum wire a little 
of the j>ulp is removed and traced over the surface of 
agar, on which growth occurs in twenty-four hours 
at 37° C. The bacillus grows on all the ordinary 
media. It is decolorized by Gram’s method. The 
typhoid bacillus is capable of saprophytic existence in 
soil, dust, water, and milk, and may persist in the 
excreta for montha It may be conveyed by flies. 
It can survive in ordinary earth for two months, on 
sterilized linen for 60 days, on woollen cloth for 80 
days, and in soils for upwards of-70 days. 

Serum and vaccine.— Chantemesse has pro¬ 
duced an antitoxic serum, which has yielded favour¬ 
able results, particularly if administered early (dose 
10-12 c.a) A bactericidal antityphoid serum has also 
•been intr^uced. Wright has pfepared a vaccine 
from a virulent 24 hours' culture on agar, and after 
emulsification standardized to contain 1,000 million 
typhoid bacilli per c.c. They are killed by heathy 
at 66-68" 0. for 30 minutes, and A per cent, lyaol is 
subsequently added. The dose is 500 or 1,000 ndllions 
of bacilli injected hypodermically in the flank. The 
blood of a person so inoculat^ responds well to 
Widal’s reaction. The usual system is to inject two 
doses at an interval of ten days and 1 cm. reepeo- 
tively), the patients being flt "for work after forty- 
eight hours. Siloh inoculations have proved pro¬ 
tective for oases exposed to intedtion, thqse in the 
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iocubation period, and unsuspected oarrfers and 
contacts. The prophylactic value of this inoculation 
was proved in India and America, and has been the 
chief cause of the remarkable immunity of soldiers in 
the European W|kr, 1914-17. (In the British armies 
the mortality was 20 per cent, among uninoculated and 
6 per cent, among inoculated.) The inoculation must 
be repeated about once a year. A mixed typhoid 
and paratyphoid vaccine is now used {see p. 444). 

The typhoid bacillus ag^dutioates with serum from a 
typhoid patient, and this has been used as a bacteriological aid 
in diagnosis. It is known as Widtd't application of Qrubcr't 
reaction, and is carried out in the following way: A few drops 
of blood are drawn from the lobe of the ear or hnger of the 
patient; the serum (6 c.mm.), which exudra as the blood co¬ 
agulates, is then diluted witii neutral bouillou (95 c.mtn.). A 
drop of this dilution is mixed on the slide with an equal 
quantity of a typhoid-broth cultivation of 18 to 24 hours’ 
growth made from a virulent culture. Under the microscope 
it may be seen whether the reaction is positive or native. 
If in the mixture of serum and of culture the l^UU become 
immotile and also become agglutinated, or grouped together 
in colonies, the reaction is positive. If, however, they remain, 
as they do in healthy blood serum, motile and scattered, the 
motion is negative. The Widal reaction is obtainable in 
about 70 to 80 per cent of the cases between the fourth and 
fourteenth day of the case and in 9p per cent, of the cases 
during the third and fourUi weeks. 

Faratyphoid Fbvbh 

Paratyphoid fevor, first described by Achard in Paris, 1896, 
simulates ordinary enteric. The incubation period is 10*18 
days. The onset is gradual, with headache, pains in the back 
and limbs, bronchitis, sore throat, and often a rose rash. The 
temperature rises in step-like form, mchiug its maximum by 
fhe fifth or lereuth day. The pulse is rapid. The majority 
of oases are mild and the death-rate is low. The dioioal tyMi 
of the disease are (a) the typhoid (the usual form), (5) tba 
dysenteric, (e) the biliary—be. jaundice and dioleoystit^ 
(a) the uriuary and nephritio, (e) the rheumatio or ar&ritio, 
(/) the pulmonary—i.e. brooidiitU, pneumonia and pleuriiy, 
(p) the iafiuenzal, and (A) the septlciemio. These terms i&afig- 
n^ the predominant characteristtM. 'iDie lerions oiay be.tEe 
same as in typhoid, or the inteetlne may esoape or be acutely 
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inflamed throughout, or the large intestino may bO; ulcerated. 
The disease is caused by li. paratyphoitm A or B, which both 
thrive in the alimentary canal. differences between this 
.disease and enteric are that paratyphoid is (i<) milder, (6) lesH 
fatal, (c) caused by organisms different from B. typhoint; and 
(d) Wright’s vaccine does not protect. Tlw paratyphoid bacilli 
are alliM to the Gaertner and dysentei^ Willi of Shiga and 
Fleanor^ Differential dia^osis is dotermioablo by the agglu> 
tination^test. Protection is secured by a mixed vaccine con¬ 
taining equal parts of B. iyphotm aud B. paratyphosun A and 

B. The principal channel of infection is infected “carrierri.** 
The prevention of pai'at}'phoid fovor depends on personal 
hygiene, sanitation, preventive inoculation, sogregation of 
caiTiers, and early diagnosis. 

Epidemic Diaurh(ea* 

This disease is returned as the cause of a death- 
rate that flteadily averaged 0’9 per 1,000 from 1850 
to 1880, and in 1909 was, for England aud Wales, 
0*28 per 1,000. In towns it is much higher (1 per 
1,000) than in rural districts (0*62). In London, in 
1914, it was 0*94. and 0*72 for England and Wales. 
In many^cases diarrhoea is n>erely symptomatic, but 
the existence of an epidemic disease of which diarrhoea 
is the prominent manifestation is now recognized. 

Density of’ population. —Epidemic diarrhoea 
is essentially a disease of towiis, or, in moi*6 general 
terms, of crowded areas. The diarrhoea <leath-rate in 
1891-1900 among cliildren 0-6 years of age was 5*4 ; 
in urban counties it was C’7 and in rural distHcts 2*6. 
The disease is, ordinarily twice as fatal in urban as in 
rural counties, and more dangerous to boys than girls. 
In counties sneli as Dorset aud Wilts the mortali1;y 
(among children 0-«5 years) in 1903 was below 2 per 

C. - Uy*t term are included all furma of zymotic diarriKsa ami 

epideintc entmitis. The Itoyai College of PltyRUtiiliis (1900) laid down 
tnat “gastro-enteritie,” " iiiuc«>.en(eriti8,'' “gautric catarrh,*” and such 
syooiiyuia ofj^demlc diarrh<xa in mediiAl cerufloates of death Miould he 
dlsoarded. Tne College regarded epidemic diarrheea aH.a general disease 
of aapf<ddc chaiytcterlmthe same sense os enteric or. other revers, and 
. therefore apthorlzed«the use of the terms epidemic enteritfs ” or> if pra- 
fbrr^', “ zymotic enteritis *' or ** epidemic diarrhfva,*’ to designate the 
■diseass in its various forma and degrees, e i 
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1,000, whereas in Warwickshire it was 8'8, in the East 
Riding of Yorkshire 8-9, and in Lancashire 9'13. ' In 
1898-1902 the rate was 11’5 in urban districts and 
5’0 in rural. 

Urban conditions are favourable to the disease, . 
chiefly for the following reasons ;— 

(a) Density of buildings upon an area increases 
the tendency to diarrhoea mortality, in addition to 
the density and overcrowding of population that 
usually, though not always, accompanies it. 

(h) Lack of ventilation and light is conducive to 
diarrhoea mortality. Among the common conditions 
that are harmful in this way are narrow dark 
courts and streets, obstructive walls or buildings, 
back-to-back houses, overcrowding, and neglect of 
ventilation of rooms. 

(c) Domestic insanltation, whether urban or 
rural, bears a definite relation to diarrhoea. ITnclean- 
liness, unpaved and dirty yards, privies, refuse, 
manure-heaps, stables, all furnish occasion for the 
collection of infective material. Towns which have 
adopted the water-carriage system of sewerage have 
less diarrhoea than those which retain other methods 
of removal of excrement. Towns also which have the 
most effectual scavenging arrangements, including the 
methods of removal of house refuse, have the least 
epidemic diarrhoea. 

(d) Foul air from sewers, cesspools, and filth 
accumulations of any kind promotes the incidence of 
diarrhoea. Smoke and mere chemical eflluvia seem 
to be inoperative. 

Soli. —Diarrhoea mortality is low in places built 
upon solid rock, high where the soil is loose and 
porous. Sand and deep mould are the worst, clay is 
far better. Oigwic pollution of the soil, whether 
vegetable or animal in origin, is a most potent 
factor, and occurs especially upon such sites as " made 
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groTmd,” pervious soils, town refuse, market gardens, 
or in soil polluted by leakage from drains or cess¬ 
pools. Dampness of soil, accompanied by aeration, is 
the most favourable condition for diarrhcea, dryness 
>or saturation being alike preventive. 

Temperature. —High temperature of the air 
has loiJg been observed to be associated with high 
diarrhteal mortality, and the reverse with low air- 
temperature, but Ballard has shown that the relation 
is indirect. The maximum mortality by no means 
necessarily coincides with the highest readings of the 
air-thermometer. The temperature of the soil, being 
a less sensitive indicator and more steady in its record^ 
is on the whole a safer guide. 

Ballard concluded that— 

“ («) The summer rise of diairhoeal mortality does not com¬ 
mence until the mean tempernturo recorded by the 4-foot 
earth-thermometer has attained somewhere about 66° F., no 
matter what may have been the temperature previously attained 
by the atmqfsphere or recorded by the 1-foot earth-thermometer. 

“(6) The maximum diarrhceal'mortality of (he year is 
usually attained in the week in which the temperature recorded 
by the 4-foot earth-thermometer attains its mean weekly 
maximum. 

“ («) The decline of the diarrhceal mortality . . . coincides 
with the decline of the temperature ^recorded by the 4-foot 
* Mirth-thermometer, which temperature declines much mors 
slowly than the atmospheric temperature or than that recorded 
by the 1-foot earth-thermometer, 

** (d) The influence of the atmospheric temperature, and of 
the temperature of the more superftciat layers of the earth, 
... is littte, if at all, apparent until the temperature of the 
4*foot earth-thermometer has risen as stated above; then their 
influence is apparent, but it is a subsidiary one.” 

Tomkins found that epidemic diarrhcea did not 
occur in Leicester until the temperature of the 1-foot 
earth-thermometer reached 60“ F. 

Balnfoll is operative by its cleansing efibat 
upon the atmdsphere, by laying dust, and by its 
reducing effect upon the temperature of the soil and 
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the atmosphere. Diarrhceal mortality is greater in 
dry and less in vet seasons. Dehcienoy o£ rainfall 
and high atmospheric temperature are probably the 
tvo chief external conditions favourable to epidemic 
diarrhoea. Wi^d tends to reduce diarrhoea mortality, 
calm in the diarrhceal season promotes it. 

It was upon the evidence concerning &il, tem¬ 
perature, and rainfall that Ballard, in 1887, baaed his 
“ provisional hypothesis ”— 

That the essential cause of diarrhoea resides 
ordinarily in the superficial layers of the earth, where 
it is intimately associated with the life-processes 
of some micro-organism not yet isolated ; 

That the vital manifestations of such organism are 
dependent, amongst other things, perhaps principally, 
upon conditions of season and on the presence of 
dead organic matter, which is its pabulum ; 

■ That on occasion such micro-organism is capable 
of getting abroad from its primary habitat, the earth, 
and, having become air-borne, obtains opportunity for 
fastening on non-living organic material (especially 
food, whether inside or outside the body), and of using 
such organic material both as nidus and pabulum in 
undergoing various phases in its life-history; 

That from food and from organic matter in certain* 
soils it can manufacture a virulent chemical poison 
which is the material cause of epidemic diarrhoea. 

Social position. —By far the greatest incidence 
is upon the poorest class, the artisan and lower 
labouring classes 

Pood, water, and particularly milk, may become 
contaminated by exposure to dust or filth emana- 
tions, and thus cause diarrhoea. Elies are frequently 
the means of conveyance. Breast-fed childr^ ate 
remarkably exempt, and those partially breast-fed 
omne next; the mortality is much higher amoi^ 
children artificially fed, and especially if fed by ^e 



448 


INfECTlVE DISEASES 


[chA'p; 

bottle. On the whole there is evidenoO to Shb% 
that infantile diarrhoea is usually a form of food 
poisoning. 

Maternnl neglect.— The mortality among ille¬ 
gitimate children is higher than that mnong legitimate 
children, from all causes, but the excess is greatest in 
regard to diarrhoea. The difference is most marked 
in years of low epidemicity, and tends to disappeat 
in years of high diarrhoea mortality, but in the latter 
the avei-age age of attack is earlier among illegiti¬ 
mate, children. Occupation of mothers from home 
contributes to neglect and improper, irregular, and 
artificial feeding of infants. 

Age.—Dian-hcea is fatal at both extremes of life. 
The first year of life, especially from the third to the 
ninth month, has by far the greatest mortality. In 
1871-80 63 per cent, of the deaths attributed to 
diarrhoea were at ages under one year, 80 per cent, 
under two years. It was by far the most fatal of the 
infective diseases in infancy, atid caused a mortality 
of over 26 per 1,000 births. In 1881-90 the mean 
mortality-rate showed further decline, and in 1891- 
1900 73 per cent, of the deaths from this disease were 
under one year and 86 under two. From infancy the 
mortality diminishes until about’ the twentieth year, 
after which it again increases until the end of life. 
The liability to attack seem s to be greater in the second 
year than the first, and at all events is far greater in 
the first two years than in the third or later yeara 
It is comparatively small in the first three months, 
and probably increases up to the end of the first or 
beginning of the second year. No age is exempt 
from attack, but only severe and acute attacks kill 
at ages between infancy and old age. Tomkins states 
that “ infants and-young children form only a ^small 
proportion of those attacked, although they furni^ 
nearly the whole of the deatjrs.* i' 1’- " " 
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Sex. —The mortality is greater among females 
from the third to about the forty-fifth year, but it is 
great*!r among males in infancy and old age. The lia¬ 
bility to attack, however, is greater among males at 
all ages. 

Season. —^atal diarrhma occurs at all seasons, 
but always increases greatly in summer. Jji I.iOndon 
the mortality curve shows a slight rise throughout 
June, rapidly increasing in July, and reaching its 
maximum in the first week of August, after which it 
again falls steadily throughout September and October. 
During the rest of the year there is little variation. 
An outburst of epidemic diarrhoea occurs every year, 
but the date and intensity of the epidemic vary con¬ 
siderably from year to year, and according to locality. 
The relation to temperature and other atmospheric 
and telluric conditions has already been discussed. 
Thei-e is very frequently an alternation of years of 
high and low diarrhteal mortality, but a simple ex¬ 
planation of this is usually to be found in the 
meteorological records of the summer months, there 
being coincident alternation of hot, dry summers with 
others which are cool and wet. 

Previous health affects the chances of i-ecovery 
more than the liability to attack. The incubation i^ 
apparently very short, from a few hours to a day, or 
at most two days. Half the fatal cases terminate 
within a week, and the course is more rapid in the 
later periods of an epidemic {Ballard). Characteristic 
pathological changes are found in the kidneys as well 
as in the intestines—a fact that goes far to prove 
the specific character of epidemic diarrhoea. Pneu¬ 
monia is common and fatty degeneration of the liver 
almost invariable. 

Baeterlolonty. — In 1885 Escherioh published 
his researches on Bacillus ■eoU communis, and since 
that date many authorities have maintained that this 

2p 
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organism is the causal agent of epidemic diarrhcea. 
Booker, on the other hand, as the result of inves¬ 
tigation, concluded that many different varieties of 
bacteria are concerned in the etiology of the summer 
diarrhosas of children. He consider^ “ streptococcus 
enteritidis ” and frolem vulgaris thd most important. 
In 189!^ Klein isolated an organism from the evacu¬ 
ations of patients suffering from an epidemic of 
diarrhoea at St. Bartholomew’s Hospital, which he 
named Ji. enteritidis sporogenes,* and which he believes 
to be the cause of epidemic diarrhcea. H. enteritidis 
sporsgenes Ls widely distributed, and occurs in normal 
and typhoid exci-eta, in sewage, manure, soil, dust, 
and milk. It has been frequently found in the 
dejecta of patients suffering from epidemic diari'hoca. 
It fulfils in a somewhat exceptional degree the re¬ 
quirements suggested by Ballard. But the same is 
true of li. coli, and the question is therefore suh 
judice, 

Cansp and prevention.— -Whilst the bacterial 
u'igin of diarrhoea remains obscure, it is certain that 
a) insanitary conditions, (6) soil and temperature, 
c) food, (d) fly conveyance of infection, and (e) case- 
o-case infection Imar an important relation to the 
lisease. Different factors may Ijocome paramount at 
lifferent times or in different localities. The means 
)f prevention are obvious—health visitation, appro- 
)riate nursing, encouragement of breast-feeding of 
nfants, domestic cleanliness, protection of food, im- 

* B. enUritHis aporoge^im (Klein) ia an anaerobic baclllua: n 

>og, aud 0'8 u. broad; stains b; Oram's method and ordinary stains; 
lotiie: spore lonuation present; lareo oval spores often situated near 
ne end oi bacillus; grows well ou gefatiu aud agar. In the forrow gas 
I produced and the gelatlu Uquefles. It grows well In milk. AfUt 
Iilrty>8lx hours of anaerobic inoubatlon at 87‘’ 0. the surface is coven^ 
ritb stringy, pinkish-whlta masses of coagulated casefn enclosing a nuro* 
«r of gas-bUDbles. The main portion of the tube of milk contains a 
idourleaa thin, vratoiy whey, with a fbw casein lamps here and there 
dherlng to the side* of the tube. The whey has a smell of butyric acid, 
ml is acid in motion. It contains many bacilli. ■ 
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proved sanitation, destruction of flies, and, where 
practicable, isolation of the patient. 

Influenza 

Influenza stands almost alone in its purely epi¬ 
demic or pandemic occurrence, with little trace of 
endemic localization. Much confusion has arisen 
from the prevalent misapplication of the'term in¬ 
fluenza to severe catarrhs, infectious or otherwise. 
Many epidemics of true influenza have been observed 
during the last few centuries, spreading over a gi'eater 
or lessor portion of the glolie. Although there is 
clear indication of prefeinnce for lines of tiaffic, the 
progress of .an epidemic is highly irregular. It ap¬ 
pears simultaneously at widely separated points, often 
leaping over or avoiding entire countries, j)erhaps 
to appear in them later. It may be limited to 
pai'ticular towns or villages, sometimes even to a 
small section of the population in one part of a town. 
The advance is frequently rapid, but not more rapid 
than human traffic, and at other times its progress is 
slow and halting. The pandemic of 1889 was first 
heard of in Siberia, in May, and had spread to almost 
every part of Europe before the end of the year. It 
reached London late in December, and in the course 
of the next three months diffused itself over the whole* 
of England. 

The epidemic quickly reaches its maximum limits 
in a given centre, owing probably to its infeotiousness 
and short incubation, and the susceptibility of the 
greater part of the ])opuiation. It seldom remains 
longer than a few weeks in any locality, but may return 
in the course of the same pandemic. The interval 
between'epidemics is irregular. Parsons states that 
major epidemics occurred in England in 1803, 1833, 
1837-8,1847-8, and minor epidemics about every three 
years. Prom 1860 onwards'these practically ceased. 
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until 1889, when a new. series of epidemics began, 
each covering almost the whole country, at intervals 
of about a year j and these in ten years destroyed no 
fewer than 87,767 lives in England and Wales. In 
1891-1900 the influenza mortality was 361 per million. 
During the decennium there were tWo epidemics—in 
1895, v^hen the death-rate rose to 423 per million; 
and in 1898-1900, when it was as high as 504 per 
million. There was another epidemic in 1918-19. 

In the same district the type of the epidemic 
remains fairly constant as regards intensity, severity, 
and" perhaps the tendency to one or other group of 
local symptoms or complications. There is, however, 
considerable variety in different centres during the 
progress of an epidemic, and the typo may change in 
a given locality. 

Scaaon and weather.— Neither cold nor heat, 
nor any known meteorological condition, has been 
shown to have any effect in checking or promoting 
the spread of the disease. Intense outbreaks occur 
in the hottest and coldest seasons, in good, bad, and 
changeable weather, apparently indifferently. Each 
type of weather in turn has been alleged to cause 
epidemic prevalence, upon the strength of narrow 
observation conflned frequently., to one locality and 
one outbreak. It is, however, probable that con¬ 
ditions of climate, season, and weather may affect the 
severity of the epidemic, and especially the mor¬ 
tality from the respiratory complications that usually 
attend it. 

Tellaric conditions an* apparently without inSusnoe. The 
disease attacks persons of all ages and both sexes sometimes to 
the extent of quarter or even half the entire population. In 
general both incidence and severity of attack ard less at ages 
below 20 years, and less among women than among men; 
though in some few localities and instances children, aM espe¬ 
cially school children, suffered more than adults, It would 
spiieat that influenza, like diphth^ia, may become intensifled 
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bj the aggregation of anaceptible penona in a conSned aimo- 
aphere. >^ 0 tler it can spread through the air for long 
distances is doubtful. Many instances are on record in which 
it was apparently conveyed in that way to ships and light¬ 
houses, but Parsons has shown that in some of these the 
isolation was not cbmplete. On the whole, secluded persons 
and populations suffered least, the incidence being exceptionally 
heavy upon postal and railway othcials, and others w/.ose work 
brought them most into contact with the public. 

The period of iiiciibalion appears to be short, 
from one to three days. The onset is sudden, with chills, 
elevation of temperature, severe pain in -the eyes, 
head, and back, and tenderness of muscles, especially 
of the logs and back. Three principal forms of the 
disease are described, with affection respectively of 
the respiratory or the alimentary tract, or of the 
nervous system alone. Intense prostration and depres 
sion and rapid loss of weight are almost invariable. 
The symptoms usually abate in three or four days, but 
complications and sequel® may protract the duration 
of illness indefinitely. The breath is in all probability 
infectious from the first. 

The mortality from influenza is usually slight, 
except among persons already weakened by disease or 
predisposed to bronchitis or pneumonia. The increased 
death-rate whioli follows the appearance of influenza • 
in a district is largely due to deaths attributed to 
respiratory diseases. The protection, if any, conferred 
by an attack is slight and evanescent, repeated 
attacks being common. 

In 1892 Pfeiffer discovered a small bacillus in the 
bronchial mucus of patients suffering from influenza, 

It is aerobic, non-motile and non-resistant. It does 
not stain by Gram’s method, and grows feebly oii 
artifloisl media (preferably on blood-agar). 

The ordinary preventive measures—notification, 
isolation, and duinfeotion—have not yet been em¬ 
ployed on a large scale against influenza. 
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Cebebro-Spinai Fever 

Cerebrospinal fever, known also as epidemic 
cerebro-apinal meningilia or spotted fever, is not rare 
in this country, and has recently ^ caused serious 
mortality in New York and on the continent of 
Europe.) In 1866-7 a severe epidemic in Ireland 
was marked by high mortality and haemorrhagic 
rashes. Subsequently various small outbreaks took 
place up to the end of last century. From 1900-9 
something of an epidemic wave of this disease 
occurred in Europe and the United States. A large 
number of. cases occniTed in Glasgow and Belfast. 
In 1913-17 very many oases were notified in 
England and Wales, and there is evidence of a new 
strain of infection from Canada. In Scotland be¬ 
tween 1906-9 there were 2,600 deaths from cerebro¬ 
spinal fever. 

The disease may be descrilxid as “ an acute, 
epidemic disease, characterized by profound disturb¬ 
ance of the central nervous system, indicated at the 
onset chiefly by shivering, intense headache or vertigo, 
or both, and persistent vomiting; subsequently by 
delirium, often violent, alternating with somnolence 
. or a state of apathy or stupor •’ an acutely painful 
condition with spasm—sometimes tetanoid—of certain 
groups of muscles, especially the posterior muscles of 
the neck, occasioning retraction of the head; and 
an increased sensitiveness of the surface of the 
body” (Radcliffe). Throughout the disease there is 
marired depression of the vital powers, and not in¬ 
frequently collapse. In its course an eruption of 
vesicles, petechial or purpuric spots, or mottling of 
the skin, sometimes not unlike the rash of typhus, 
is apt to occur. If the disease tend to recovery, 
the symptoms Vradnally subside without any critical 
phenomena, and convalesceuceds protracted; if to a 
fatal termination death if almost invariably pre- 
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ceded by coma. After death the membranes of the 
brain and spinal cord are found engorged with 
blood, and an effusion of sero-puruleht matter is often 
present in the meshes of the pia mater and beneath 
the arachnoid. “ 

The elinical iiianifeatatioiis include the 
presence of Keniig’s sign* and of tndm cerdiraleA 
Among the 
other chief di¬ 
agnostic symp¬ 
toms are (a) in¬ 
tense headache, 

(ft) vomiting, (c) 
stiff neck, (ci) 
dilated or un¬ 
equal pupils, (e) 
slow and irregu¬ 
lar pulse, and 
(/) mental con¬ 
dition. 

There arc 
also milder or 
anomalous forms 

which render — Meningoooooa* from pure culture. 

identification ’ ' • 

difficult, and which load to cerebro-spinal fever being 
mistaken for other ailments of more common occur¬ 
rence. In certain localized outbreaks in the Eastern 
Counties in 1890 it was generally mistaken for sun¬ 
stroke or enteric fever; in Northamptonshire in 
1890-1 it was diagnosed as pneumonia or sore throat; 

* To obtain this Htgu tlic patient ie placed bo that the hlp-jolui 
Irt aemiflexed, and while the hip*joint Ik retained lu tbia position the 
kQee>Joli)t is extended passively. A contraction of the hamstrings then 
sets to, which causeH roeistanco to the extension. 

t A congested streak produced by drawing the hi«er*Qail gently oimr 
the patient s thigh, abdomen, or lace. 'In cases of meningitis this appears 
earlier (within w seconds), lasts longer (8, 10, or 16 minutes), and is 
broader and of deei>er colour than in healthy persona. 
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and in Irthlingborough in 1906 many of the persons 
attacked were regarded as suffering from influenza. 
When death ensues rapidly the disease has been mis¬ 
taken for typhus, tetanus, or malignant measles. 

Oerebro-spinal fluid withdrawn from the lower 
part of the spinal canal by lumbar puncture should 
be exauiiiied for the presence of the Diplococcus 
manin^Uitlls intracellularis of Weichselbaum, the 
meningococcus (Fig. 62), now regarded as the specific 
cause of the disease. The organism occurs in pairs 
in pus cells and nasal mucus. It grows on blood- or 
ascitic agar at .S7'’ C. (not below 25° C.) and is Gram¬ 
negative. " 

node of spread. —Cerebro-spinal fever has a 
much more restricted direct infectivity than charac¬ 
terizes a disease like smallpox. In most outbreaks 
only one member of the invaded family develops the 
disease, though exceptions arc not uncommon. The 
meningococcus is found in the mucous .secretion of 
the naso-pharynx in a considerable proportion of 
those suffering from the disease, especially in its 
earlier stages, and also in some apparently healthy 
contacts, by whom it may be conveyed. 

Outbreaks of cerebro-spinal fever are usually 
wssociated with overcrowding of civil or military 
populations, lack of cleanliness and ventilation, and 
frequently with inclement conditions of weaGier, In 
such circumstances it appears likely that the resist¬ 
ance to infection is lowered, the opimrtunities for 
infection are increased, and that possibly the virulence 
of the meningococcus is exalted. Excessive fatigue 
in some outbreaks has appeared to predispose to in¬ 
fection. The chief incidence in the civil jxrputation 
is upon children and occurs in the spring of the 
year, January to May. 

AdmlniatratiTe action. 1. Notification of the 
disease.— In 1813 on Order Of J,he Xi.G-.B. made oerebro* 
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ttpioal fever aad poliomyelitis oompulsorily notifiable through¬ 
out England and Wales. 

2. Bacteriological aids to diagnosis.- Examination 
by a competent bacteriologist. of cerebro-spmal ttaid with¬ 
drawn ivonx the spinal canal by lumbar'puncture will deter¬ 
mine the pimoncojpr absence of Ibe meningococciu. 

3. Isolation of the patient.— llxe isolation of the 
patient should be secured, and skilled nursing shouM be pro- 
vide<i It is important to have a separate room or ward 
available at the local isolation hospital for paticnU suffering 
from this disease. Such patients often do not bear removal to 
a distant hospital. Contacts should be kept under supervision 
for throe weeks, and should use a suitable spray (e.g. 
potassium perman^oatc 1- 1,000), or insufflation, gargle, or 
mouth-wash. 

4. Disinfection.—During the patieitl's illness precautions 
in regard to throat secretions, handkerchiefs, towels, feeding 
utofisils, etc., ^ould be taken, similar to those for diphtheria. 
T^en the sick-room is vacated it should be thoroughly dis¬ 
infected and cleansed; and the patient’s clothing, pillows, 
bedclothes and bedding should bo subjected to disinfection by 
steam. Steam atomizers may ha used. 

0 . Investigation of sources of Infection.—l^pocial 
attention shoula be diluted to c^es of sore throat, headatdies, 
pains in back and limbs, etc., suggesting “ influenza.” The 
important share homo by healthy ‘‘carriers” as agents of 
inf^tion should be kept in mind. Many ” healthy ’"porsoJ^ 
act as carriers of the meningococcus, wnloh may also remain 
in the naso-pharynx of oonval^centa for many weeks. 

*^6 infectivity or otherwiso of contacts can be determinod 
by taking swalw from the upper part of the naso-pharynx.* 
Swabs from the fauces are of small value. It is impeitant to 
avoid contamination of the swab by tho bacteria of tbe meutk 
and fauces. This has been effected by using a swab mounted 
on a long rod, curved at its distal end, and protected by a 
metal cannula. The iwub should not be extruded until the 
end of the t'^ynymla has passed behind the uvula, and should 
be withdrawn into the cannula immediately after careful coa- 
t^ has been made with the mucous membrane of the naso¬ 
pharynx. As. the mening^Xi^us does not live long in- the 
swab, it is desirable that Petri dishes containing saitaole media 
shooH be obtained direct from a laboratory and inoou^ted 
directly the swab has been taken. The first Petri dish.mity 
become overgrown with extraneous organisms, and ii Ib ther^ 
fore detirable to uae two dishes, the second being inoetdatdd 
from the first by meani of a sterile glass rod or other sterile 
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impleraent. Antimeningocoocio aenim abould be injected in- 
traepinally aa early aa poasible. 

Acute Poliohteutis 

This infectious and communicable disease has 
long been known as infantile paralyais, a form of 
sporadic Jiaralysis occurring among children of 1-5 
years, and also among adults. The most extensive 
epidemics have occurred in Scandinavia, Germany, 
and America. From 1900 and onwards various 
outbi;paks occurred in England and Wales, and in 
1911-15 upwards of 2,600 cases were reported. 

The virus attacks the nervous system, causing 
inflammation of the grey matter of the spinal cord, 
especially of its anterior cornua. Microscopically 
the characteristic lesions found are hypertemia, a 
well-marked exudation of lymphocytes around the 
blood-vessels, and degeneration of the large motor 
cells in the anterior horns. Less often the whole 
cord, grey’and white matter, hiay become involved 
and a transverse myelitis result. In some cases the 
brain may be primarily or secondarily affected. Hence 
the suggested name of polio-eucephalo-myelitis. The 
meninges also may become implicated in the morbid 
■process. 

Clinical. — Clinically the disease takes four 
forms: (1) spinal, (2) cerebral, (3) bulbar, and (4) 
abortive. Preceding {mralysis, the symptoms are 
those of an infectious disease. They vary with the 
localization of the virus. There is no characteristic 
skin eruption. Usually an initial febrile attack 
occurs, the temperature seldom rising above 102-3’ F.; 
commonly there are malaise and drowsiness, accom¬ 
panied by headache and occasionally by vomiting; 
there may be nasal and pharyngeid catarrh. The 
patient is fretful, and objects to being moved. 
Rigidity of the muscles the neck and spine 
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frequently occurs, and the head may be retracted; 
there may be pain or tenderness over the spine. 
Kemig’s sign (p. 455) is often present. Plantar, 
patellar, or abdominal X'eflexes are commonly absent; 
the patellar reflex may, however, be exaggerated in 
the early stage. Paralysis, mainly of the flaccid 
type, supervenes, affecting one or more ^oups of 
muscles, especially of the limbs, but may involve 
any part of the muscular system. 

This is the common form of the disease, but 
occasionally a child may go to bed apparently well 
and be found in the morning to be suffering from 
paralysis. 

There is little difflculty in i-ecognizing the above 
forms of the disease. But, apart from the symptoms 
mentioned, or in addition to them, there may be 
symptoms caused by implication of the medulla, 
brain, meninges, or special nerves; and in such cases, 
especially when the meninges arc implicated, con¬ 
fusion in the differential diagnosis between polio¬ 
myelitis and ccrebro-spinal fever is apt to occur. 
The meningeal type may also be confused with 
tuberculous meningitis or septic meningitis. The 
symptoms of poliomyelitis, before the onset of pgra- 
l3r8is, have frequently been attributed to influenza* 
sunstroke, enteric fever, food poisoning, and a number 
of other diseases. 

The fatality of poliomyelitis has varied within 
wide limits in the epidemics of the last few years. 
Commonly 10 to 12 per cent, of the attacks prove 
fatal. Over half the patients who survive an attack 
of poliomyelitis are crippled for life. The disease 
is most prevalent in late summer and least prevalent 
in the winter months. It appears to have no special 
relationship to social or sanitary conditions; and, so 
far, has been oftener recognized in sparsely populated 
districts than in large towns. The disease is trans- 
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mitted from person to person, and by a healthy 
“carrier.” In some instances it has developed after 
only slight or temporary contact with a patient 
suffering from poliomyelitis, and multiple attacks in 
households are not uncommon. In dtoer instances 
children have been known to sleep in the same bed 
with a patient and escape infection. 

In monkeys experimentally inoculated with the 
disease the incubation period is stated to vary from 
three to forty-six days, the general period being 
about, eleven days. The incubation period when the 
disease is naturally acquired by man is four to eight 
days, though shorter and much longer periods are 
recorded. 

Pathology, —The virus can attack rabbits as 
well as monkeys (Flexner), and both escapes from 
and enters the body through the nasal mucous mem¬ 
brane. It can enter and leave also through the 
digestive system. Its spread in the laxly is chiefly 
by the lymphatics. It retains its virulence in a 
dry state, in dust, and on fomites. Healthy human 
carriers are numerous; their uaso-pharyngeal and 
intestinal secretions contain the virus. Insects (par¬ 
ticularly flies^ may be potential carriers. The virus 
has' not been cultivated outside the body with 
absolute certainty. Inside the body it is found 
in the brain, spinal cord, and mesenteric glands, and 
in the mucous membrane and secretions of the nose 
and throat, the stomach, and intestines (Flexner). 
The micro-organism is not present in the blood or in 
the spinal fluid, which, however, may contain excess 
of lymphocytea Its virulence differs widely even in 
the same epidemic, and the susceptibility of human 
beings also varies greatly. Immunity is confeiTed 
by one atta?^. 

'Pre.v^ntive* meaturM— Poliomyelitis is noti¬ 
fiable. Isolation should be’pfpvhled and is partiom 
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larly important. Precautionary mea.sure» should be 
taken in all suspected cases. As it has been shown 
'experimentally that the virus is present in the nasal 
mucous membrane, an antiseptic solntion should be 
applied by means of a spray to the throats and 
nasal passages, not only of the patients, but of all 
persons brought into contact with them. -. The virus 
can be killed experimentally by a 1-per-cent, solution 
of peroxide of hydrogen, or by a solution of perman¬ 
ganate of potassium 1 in 600. All discharges from 
the patient as well as all articles which may be soiled 
by such discharges should be immediately disinfected. 
No child should be allowed to attend school from 
an infected family. Kissing, coughing, sneesing, and 
spitting tend to spread the disease. 

Epidemic Pheumonia 

Pneumonia occasionally occurs in an epidemic 
form, and in many instances has shown infectious 
properties without attaining epidemic proportions. 
Epidemic pneumonia is, with few exceptions, of the 
“ croupous ” or “ librinous " form, but it is not certain 
that all cases of sporadic croupous pneumonia are due 
to infection, or that infectious pneumonia is always 
caused by the same virus. Infections pneumonia 
very often limited to the upper lobe, and often 
accompimied by pleurisy or empyema. Gastric symp¬ 
toms, diarrhoea, and jaundice are common, and pros¬ 
tration and cerebral symptoms are frequently intense, 
out of proportion to the physical signs of pneumonia. 
The latter may be delayed for several days after 
the onset, 

Numbers of epidemics have been described in Eng¬ 
land and various other parts of Europe during the last 
two centuries Although more frequent in teimierate 
climates, many are recorded in the West bdies, 
Mexico, Peru, and Indii, Nearly all occur in winter 
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or spring, and the seasonal curve of epidemic 
prevalence coincides pretty closely with that of 
pneumonia mortality, which has its maximum in 
December, and is high from November to April. 
Hence the prevalence of pneumonia—epidemic or 
otherwise—is associated with the colder months. A 
closer aiyalysis shows that in each climate the greatest 
prevalence of pneumonia occurs at the Icason of most 
rapid and s\idden changes of tempei’ature, be it winttu* 
or spring (Hirach), and there is evidence tending to 
show that the prevalence varies in some measure 
with* the changes of temperature. Epidemics occur 
ring at imysual seasons have in many ca^s been asso¬ 
ciated with unusual meteorological conditions of the 
same kind. 

The popular belief in cllill as an exciting cause of 
pneumottia cannot bo entertained as regards infectious pneu¬ 
monia, in spito of the strength of the evidence which connects 
pneumonia outbreaks with tho weather conditions in which 
**chill*’ is believed to be most liablo to occur. Exposure to 
sudden changes of temperature or extreme cold may increase 
the activity of infection or the susceptibility of tho individual, 
hut nothing more. If, however, thorn is a non-infectious and 
non>specific croupous pneumonia, tho question of '* chill *' may 
be argued ux>on mfterent lines. It is said that croupous pneu¬ 
monia has been produced by injecting irritants into the lungs 
^of do^by mecnanical injury to lung tissue, by experimentally 
injuring parts of the nervous system, and by various other 
mechanical means, which may bo admitted as establishing some 
sort of prima*facie possibility of like effect from sadden c^nge 
of temperature, especially as the whole mortality attribute to 
pneumonia (and not merely that part which is already recog¬ 
nized as due to an infectious form of tho disease) reaches its 
maximum at times of greatest liability to chill.” On tho 
other hand, attempts to produce pneumonm by exm^ing 
animals to sudden afternatioiui of temperature have uniformly 
ended in failure, and even tmumatic pneumonia may conceiv¬ 
ably be dependent upon the co-operation of sjiecifio microbes 
accidentally gmning access to the injured tiraue. 

There are {tow on record many instances of out¬ 
breaks of pneumonia which remain limited to a single 



BPIDEMIC PNEUMONIA 


463 


xiu] 


household or it small circle, but in which nevertheless 
the evidence points strongly to infection. 

Nothing oonclnsivo has been established as regards 
the influence of rainfall or telluric conditions upon 
pneumonia, although it has been asserted that absence 
of rain (dry cofd) and low level of subsoil water are 
favourable conditions. , 


Sex.—Males are far more liable to'pneumonia 
than females, but the attacks are usually less severe 
and less fatal. In the Middlesbrough epidemic of 188f* 
Ballard found that the female case-mortality only 
exceeded the male at ages almve G5 years. Both 
the liability to attack and the average case-mortality 
increase greatly as age advances. In childhood and 
old age the mortality is highest, and urban death-rates 
are usually in excess of rural. 

Predisposing causes.— All depressing con¬ 


ditions predispose to attack during epidemic prevalence, 
among them fatigue, anxiety, poverty, and debility 
from any cause. Insanitary conditions, especially filth, 
overcrowding, and want of ventilation, act apparently 
as powerful but not indispensable predisposing causes. 
Effluvia from graveyards have also been held respon¬ 
sible for outbreaks. Repeated outbreaks have some¬ 
times been observed in the same buildings, especiall;^ 
barracks and prisons. Negroes are especially sus¬ 
ceptible to pneumonia, even in their native climate. 


Bacteriology. — Friedlander’s oval, oapsulated 
pneumobacillus is fovmd in large numbers in the 
affected lungs, and in the blood and sputa in croupous 
pneumonia (but not in acute cataithM pneumonia or 
septic pneumonias). It was found in abundance in 
the substance of the floors and ceilings of rooms in a 
prison at Amberg where repeated outbreaks of pneu¬ 
monia had occurred for many years (Emmerich), 
Pneumonia has been produced in rabbits by the injec¬ 
tion of cultivations. On the other hand, these results 



464 INFECTIVE DISEASES [chap. 

have been disputed, and the true pathogenic microbe 
asserted to die Frankel’s small, oval, capsnlated 
diplococcus, which is non-motile, non-liquefying, and 
aerobic. It is difficult to cultivate, and rapidly 
loses virulence. It is stained by (Sram’s method. 
It is by far the most frequently-present organism 
in croupnus pneumonia, and may be present in other 
diseases—suppuration, otitis m^ia, ulcerative endo¬ 
carditis, and meningitis. 

The wide-spread and fatal epidemic that oc¬ 
curred at Middlesbrough in 1888 was investigated 
by Ballard. Out of 1,6.S3 eases in a population of 
97,000, 369 ended fatally, the case mortality being 21 
per cent. The poorer classes were attacked more than 
the wealthy, and cases were exceptionally numerous 
and severe in the workhouse, where the drainage was 
very faulty. The workhouse children suffered six 
times, but adults only one and a half times, as much 
as the corresponding class outside. Exposure and 
fatigue seem to have acted as predisposing causes, and 
many apparent instances were recorded of direct in- 
feoti m from contact with a sick person. The progress 
of the epidemic seemed to be arrested by heavy rains, 
and to be most rapid during rainless periods. Klein 
found neither Friedlander’s nof Frankel’s organism, 
but large numbers of short bacilli, which he inocu¬ 
lated into mice, causing pneumonia; further inocula¬ 
tions from such mice imparted the same disease to 
other mice. Samples of bacon were purchased in the 
infected districts, and it was found that of mice fed 
upon this bacon a large proportion became ill with the 
same symptoms as those mentioned above. 

The incubation appears to be short, frequently 
about five to seven days. The onset is sudden, and 
usually marked ^y rigors and severe constitutional 
symptoms, the^signs of pneumonia being often delayed 
for three or four days. The fifth day is often fatal; 
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aud, on tlie other hand, cruiis often occurs on or 
about the fifth, seventh, or ninth day, but sonietiines 
the course, even in non-fatal cases, is sevei'e and 
protracted, the. symptoms lieing of a “typhoid” 
character. Bojli the breath and the sputa may be 
assumed to bo infective. The mortality varies con¬ 
siderably, but is usually high, esijecially h elderly 
persons and in the outbreaks limited to a narrow 
cirele. In some (ipidemics, however, it has been as 
low as 5 per cent. Epidemics of pneumonia often 
occur coincuhmtly with outbreaks of other diseases, 
and especially enteric fever. 

Tubbbcct.osis 

Tuberculosis is a specific aud infective diseasi^ 
common to man and the lower aiumaks. The princi¬ 
pal form in which it affects man is pulmonary tuber¬ 
culosis or phthisis, but all parts of the botly are liable 
to be invaded. Tnhsrcidmm meningitis is not strffl- 
ciently distinguished in death-returns from other 
diseases that are attended with somewhat similar 
symptoms; “ tabes mesenterica ’’ (tuberculosis of peri¬ 
toneum, intestiire, and mesenteric glands) includes a 
large annual number of deaths among children from 
wasting diseases, of which no exact diagnosis has 
been made. Eourthly, there is tuberetdosw of bone! 
and joints ; and lastly, disseminated tuberculosis. 

Phthisis, “consumption,” or pulmonary tuber¬ 
culosis, is largely dependent upon known and 
remediable conditions, and improved hygiene has 
led to a steady decline in mortality from this 
cause. Nevertheless it still ranks among the most 
fatal diseases, especially daring adult life, and as 
recently as the decennial period 1891-1900 it was 
the recorded cause of one-twelfth of the whole 
mortality in England, and .of about 30 per cent, of 
the deaths at ages between 20 and 45. 

2 E 
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Its geographical distribution is almost world¬ 
wide. Neither hot nor cold climates are exempt, but 
humidity, especially if the daily range of temperature 
is high, is frequently associated with prevalence of 
phthisis. Cold, and especially Arctic,i countries suffer 
comparatively little as a rule, and the exceptions 
are mosiSly explicable by social conditions involv¬ 
ing overcrowding and the absence of ventilation. 
Other things l)eing equal, elevated and mountainous 
regions are less affected than lowlands, owiitg, it is 
belijved, to the dryness and puiity of the air and 
soil, and the fuller and deeper respiratory move¬ 
ments. A general relation between dampness of soil 
and prevalence of phthisis has been affirmed by 
Buchanan* in England and Bowditch in America. 
Considerable and early reduction in phthisis mortality 
has, in many instances, followed artificial drainage 
of damp localities. 

Towns suffer more than rural districts, and there 
is a cloilte relation between' density of population 
and phthisis moi-tality, due to the co-operation of 
several causes, chief among which are overcrowding, 
poverty, and stagnation and impurity of air.- The 
heaviest incidence is upon the poorer classes, and 
■especially those living in nalrow streets, alleys 
and courts, and in back-to-back houses. Conditions 
inside the houses such as darkness, overcrowding, 
and want of ventilation are even more potent, and 
repeated experience in barracks, workhouses, prisons, 
and other public institutions, as well as in ships, has 

* The mortality itatUtlcs of the decenoluin 18&1-G0, ItNrSorrey, Kent, 
and Suuez, ehowed that there waa lees phtbiele among population* living 
on pervloui soila than among those Hviug Impervloas aolia; less on 
hlgh'Iytng pervious aoiU than on )ow>tying pervious soils; less on sloping 
impervious soils than on flat impervious soils. Buchanan also found a 
general aneeraent in phthisis mortality betireen districts that have common 
geological an i topogmphfoal foaturesof anature to affect the water^hoMing 
quality of the soil—%u agreement not oiiserveii in districts dUforentiy cii^ 
oumstanoed to respeota; and fUrther^a general pamUeltsm betipfen 
the degree of wetness or soil and the ctogree or phthisis inddenea. 
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shown that with improved ventilation and ampler 
air-space the mortality from phthisis is greatly re¬ 
dact. Amoi\g nomadic races the disease is rare. 

Predisposing conditions. — Many occupations 
tend to induce, phthisis (potmen, cutlers, tin, lead, 
and copper miners, bookbinders, printers, hairdressers, 
etc.), and espcially those industries which ar5 carried 
on .in overcrowded, hot, moist workrooms, or which 
charge the air with mineral or organic dust of an 
irritating kind. Kxposure to rapid alternations of 
temperature is very injurious. Greenhow attached 
much importance to a stooping or cramped posture 
at work, as predisposing to phthisis. 

Among other predisposing conditions, intemperance 
and debilitating causes of all kinds are impoitant. 
Brouardel considers that “alcoholism is the most 
potent factor in propagating tubei-culosis,” and he 
quotes Baudran as showing that the deaths from 
tuberculosis per 10,000 rise in proportion to the annual 
consumption of litres of alcohol i>er heiul. In this 
country the Registrar-General has shown that mora 
than one-quarter of the deaths of innkeepers and their 
servants in London result from phthisis; more the r 
one-third of the deaths of public-house servants, 
barmen, and potmen in London are due to phthisis 
and the mortality from this disease among Londot 
innkeepers and their servants is more than twice as 
great as that among all occupied mules, and the 
mortality amongst the servants alone is more than 
three times as great. No doubt some of this mor¬ 
tality is due to inhalation of tuberculous dust from 
dried sputum. Then there is the lowering effect of 
malnutrition and previous disease. Attacks of pleurisy, 
bronchitis, or pneumonia increase the liability to 
phthisis, and also many forms of specific fever (measles, 
whooping-cough, and enteric fever), and other disea^ 
such as diabetes and insanity. The low phthisis 
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mortality among 6shermen, agricultural labourers, 
and others following essentially out-door employ¬ 
ments, seems to indicate that exposure to weather 
has been overrated as a predisposing cause, for this 
condition in a great measure implies abundance of 
fresh air. 

No race is exempt, but among Jews phthisis 
appears to be rare, and this comparative immunity 
has been partly attributed to the care that is taken 
in the selection of animals slaughtered for food. 
Natives of hot countries migrating to cold, damp 
climates are very prone to phthisis. 

The tendency to phthisis may be inherited, in the 
form of constitutional weakness, or of a narrow, con¬ 
tracted chest Whether heredity can do more than 
strongly predispose to the disease is very doubtful. 
Tubercle has in rare instances been found in children 
within a few days of birth, and even in the foetus. 
Various observers have obtained evidence of parental 
phthisis in from 15 to 30 per dent of the cases coming 
under their notice, but this proimrtion is scarcely 
sufficient to establish the proof of heredity. A family 
history of phthisis is obtainaole in 50 per cent of 
hospital eases of this nature. 

Mortality. —Rightly or wrongly, a large but de¬ 
creasing number of deaths of young children under 
5 years of age is attributed to phthisis. The annual 
mortality per million living at ages under 5 years 
was 973 in 1861-70, 770 in 1871-80, 536 in 1881- 
90, and 413 in 1891-1900. From 5 to 10 years the 
mortality is at a minimum, and then rises steadily 
to its maximum at ages between 35 and 60, after 
which it declines again as age advances. The death- 
rate in England and Wales from all forms of tuber¬ 
culosis fell from 1,902 per million in 1900 to 1,615 
in 1915 (in which year 54,399 persons died.of the 
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The phthisis mortality has fallen during the pait 
half-century by more than 50 per cent, at all ages 
and by about 70 per cent, at ages 0-25. From that 
age onwards the fall has been considerably less 
marked, and h;w been more pronounced in females 
than in males. Generally speaking, the decline since 
1861 has been due to improved sanitatifn, nutri¬ 
tion, and social conditions, combined with increased 
knowledge as to infection and the influence of in¬ 
stitutional and sanatorium segregation of infectious 
cases. 

Sex.—The influence of sex is very marked, but is 
to be explained for the most part by difl'erences ot 
surroundings rather than by variation in natural sus¬ 
ceptibility. In proportion to their numbers males 
snfler a higher phthisis mortality than females at 
all ages except between 5 and 25 years. While 
the mortality is decreasing rapidly in both sexes, 
the decline among females is greater than that 
among males. 

[n London also there has been a steady decUne. 
In 1910 the phthisis death-rate was Lit per 1,000, 
or 0'2t below the average rate in the five preceding 
years. It was as low as 0-55 in Hampstead, and as 
high as L74 in Southwark and L98 in Holborn. , 

Deaths from phthisis are most frequent m spring 
(March and Apiil), and least so in autumn (Soptein- 
l>er and October). The seasonal curve of mortality 
is therefore later than in the ordinary respiratory 
diseases, but it serves to indicate seasonal conditions 
accelerating death rather than those primarily induc¬ 
ing a disease of long and vmcertain course. 

Bacteriology.^ —^The pathogenic microbe of tuber¬ 
culosis, discovered by Koch in 1882, is a motioiJoss, 
slender, beaded bacillus, straight or slightly curved 
along its length. The bacilli are very slow in 
growth and multiplication, taking one, two, or even 
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three weeks to form a colony on artificial media, and 
they require for that purpose a somewhat high tem- 
(lorature, which must further be luaintained within 
narrow limits, about 37“ to 39° 0. A peculiarity 
which they share with the bacillus ofc. leprosy and the 
spirochsete of syphilis is that after staining with 
fuchsin t hey arc not decolorised by nitric acid (Ziehl- 
Neelsen method). They are therefore termed add-foM. 
(There are in addition to the tubercle bacillus a group 
of acid-fast bacilli allied to the streptothrix family. 
They posses.s, however, characters which differentiate 
them from thetubercle bacillus.) The tubercle bacillus 
is found in all tuberculous lesions, both in man and 
the lower animals, also in the blood, and in certain 
secretions (milk). It abounds in phthisical sputa. 
Cultivations if inoculated or injected into susceptible 
animals reproduce the disease, and this is the best 
method of differentiation. The bacilli are readily 
destroyed by many chemical or thermic means, and 
by prolong^ exposure to sunlight. No spores are 
formed. 

The Koyal Commission on Tuberculosis (1911) 
distinguished three types of tubercle bacilli—human, 
bovine, and avian—differentiated by cultural charac- 
• ters and effect on animals. Mafl cun be infected by 
the bovine or the human bacillus, or both. 

Tuberculin. - Koch, by growing the tubercle 
bacillus in alkaline veal-peptone broth with glycerin 
for six to eight weeks, obtained a toxic fluid. After 
filtration and concentration by eva|)oratiou to one- 
tenth its bulk, tuheradin [t.] was obtained (contain¬ 
ing alkaloids, albumoses, and extractives). Subse¬ 
quently Koch took highly virulent cultures of the 
Willus, dried them in vacuo, and triturated them. 
The resulting powder was treat^ with sterile water and 
centrifugalizefl. Thesupematantfinidwas removed and 
30 percent, of glycerin added <(=Tuberculin 0 [t.o,] ; 
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or Oberer tuberculin). The solid residue was siini- 
lurly treated separately (=Be8idual tuberculin [t.r.]). 
A third modiftcatioii was obtained by extracting dried 
tubercle-bacilli with decinormal soda solution (= 
Tuberculin all^aiinum [t.a.]). Other forms have also 
been produced (tuberculooidin, antiphthisin, tuber- 
oulase, bovine tuberculin, etc.). Tuberculjp has been 
used for diagnostic and therapeutic purposes. For the 
former, the cutaneous reaction (von Pirquet), the per¬ 
cutaneous reaction (Moro), and the ophthalmic reaction 
(Calmette) are the common methods, in which T. is 
used; as a therapeutic agent tuberculin has been used 
subcutaneously in local and incipient tuberculosis with 
some success. Various antituberculous sera (Mar- 
morek’s, Maragliano’s, etc.) have been invented and 
used, but hitherto with small success. 

Mode of infection.—Tuberculosis can be acquired 
by inoculation, inhalation, or swallowing. Inocula¬ 
tion is comparatively rare, and usually causes a 
local lesion only. Inhalation would seem to be 
by far the most common source of infection. The 
bacilli, or rather their spores, are found in air¬ 
borne dust, especially in rooms inliabited by phthisical 
iwrsons. The daily sputa of a single patient may 
contain many millions of bacilli, and drying fqr 
months will not destroy their virulence. The preva¬ 
lence of the pulmonary foim of tuberculosis, and its 
close relation to air-conditions, are not without signi¬ 
ficance, as pointing to air-bome infection. A further 
analogy to the ordinary infections diseases is to be 
found in the strong evidence which has been adduced 
by Ransome and others to show that tuberculosis 
attaches itself to particular small localities (“ tuber¬ 
culous infective areas”),’ houses, aud even i-ooms. 
The bacilli have been found not only in the air and 
dust, but in the walls of -rooms occupied by phthisi¬ 
cal persona Comet demonstrated this, and Coates 
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inveotigatwl it in houses in Mancliester in 1900. He 
found that of dirty houses in which consumptive 
patients were living who took no precautions to dis¬ 
pose of their expectoration, but spat freely upon the 
iloor and into the pocket-handkerchief, 66 6 per cent, 
contained virulent tubercle bacilli. Of clean houses 
in which kthe patients were not sufficiently careful ns 
to the disposal of the sputa, 50 per cent, contained 
tubercle bacilli. 

Whenever tuberculous sputum is allowed to dry 
the risks are therefore great that the dust so pro¬ 
duced may be inhaled in a virulent form, and, lodging 
at one or more points, may set up varying degrees 
of tubei'cnlosi.s. This broad fact is based upon ex¬ 
perimental and clinical evidence. Tuberculosis has 
been produced experimentally in animals in this way, 
and there is clinically the overwhelming frequency 
of tuberculosis of the lungs among men exposed 
to this form of infection. But Koch, Fliigge, 
and others have shown that not only is sputum 
a source of infection when dried and puiverhted, 
but also when disseminated by coughing, shout¬ 
ing, etc., in the form of minute moist particles of 
spray.* Koch exposed rabbits, guineapigs, rats, and 
■mice to an infected spray for half an hour on three 
successive days, and produced tuberculosis in every 
animal. Heymann found that such spray particles 
from human beings inoculated into guineapigs pro¬ 
duced tuberculosis. Most of the droplets are large 
and settle rapidly, but some may remain suspended in 
the air for more than an hour, retaining, of course, 
their viriUeut properties. Heymann found the dura¬ 
tion of life of the bacilli in these droplets was eighteen 

* Hervyu Gordon in thiti countr>' has conOrmed these results by 
applying a etoeptoooccus teat for saliva (in which secretion lOmlltion 
KtrolPtocoeei per c.o. oiey oouimonly ooeurX Be finds that during loud 
M]»cDkliig bacteria may bo projected by means of salivary spray a distance 
of 40 n 
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days in thd'dai-k, and three days when exposed to 
light. In ordinary circumstances and with an absence 
of draughts,' the zone of danger from a coughing con¬ 
sumptive extends to a distance of about 3 ft. It 
must be reraeuibered that the tulmrcle bacilli in the 
moist particles of “ cough-spray" are probably of 
higher virulence than those in dried sputunt^last, and 
thcifforo it seem* misonable to suppose that the 
cough-spray is one of the most ready modes of infec¬ 
tion. The degree of infoctivity of phthisis is not, 
however, a very high one. It is a true infective 
disease, but only a sub-infectious one. 

There is still much doubt as to the frequency of 
direct infection from person to person, but none as to 
its occasional occurrence, nor as to the fact that almost 
all persons must frequently inhale and swallow living 
tubercle bacilli. Fortunately the microlje is very 
slow in its development, and exacting in its require¬ 
ments as to temperature and surroundings, so that the 
vast majority that gain entrance to the respiratory 
tract are expelled or perish. The long duration of 
the disease, the wide and general diffusion of the 
virus, the paramount importance of predisposing con¬ 
ditions, and the difficulty of infection in their absence, 
all combine to render obscure the time and source oS 
infection. Statistics arc inconclusive even in regard 
to transmission of phthisis between husband and 
wife. 

We have previomily referred to the conveyance of 
tuberculosis by milk and meat(s«e pp. 113,136). The 
risk of contracting the disease by consuming tuber¬ 
culous milk and meat is undoubt^, but the disease 
does not appear to be widely spread by these raeana 
As regards milk, all danger of infection may be 
obviated by boiling, and lareoly prevented by using 
milk from tubercle-free her<S (tested by tuberculin). 
The cooking to which meat is subjected is frequently 
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insufficient to destroy bacilli that may be present in 
the deeper parts. 

The heavy mortality among childi’en from tabes 
meseuterica (tuberculous peritonitis) and tuberculous 
menint/itis is urged as a confirmaticiu of the extreme 
prevalence of tubercular disease, but it is probable 
that 1x)(h of these terms are employed in the loosest 
way in making out certificates, and it would not be 
safe to place much reliance upon the tubercular 
nature of the majority of the cases so certified. 
The former disease (tuberculous peritonitis) has 
been attributed to the consumption by children of 
tuberculous* milk. Still, however, has shown that 
the commonest channel of infection in tuberculosis 
of children is through the lung, and that infection 
through tile intestine, as would occur if it were milk- 
borne, is less common in infancy than in later child¬ 
hood. There is, however, substantial evidence that 
tuberculous milk can and does set op some form 
of tuberculosis (bovine or human) in the bodies of 
persons consuming it. 

Tuberculosis often ends in recovery. The rc-cords 
of long series of autopsies of jiersons who have died 
of other diseases show that traces of cured phthisis 
, arc found in a proportion variously estimated as 
25 per cent, and upwards. It is not in any degree 
protective against a further attack. 

Bovine and human tuberculosis. — Since the 
discovery by Koch, in 1882, of the tubercle 
bacillus, it has generally been held that tuber¬ 
culosis in man and animal is one and the same 
disease. Yillemin (1865) was the first to maintain 
this identity on the rasults of inoculation of bovine 
and human tubercular matter into small animals. 
Chauveau (1868) .carried out similar experiments 
upon cattle. Both workers were successful in trans¬ 
mitting the disease, which produced similar effects in 
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the inoculated animals. Many other workers have 
obtained like results, which were more or less uni¬ 
formly in support of the identity of bovine and human 
tuberculosis. The Royal Commission on Tuberculosis, 
1895, said; ‘iWe regard the disease as being the 
same disease in man and the food animals, no matter 
though there are diderences in the one and the other 
in their manifestations of the disease; and we 
consider the bacilli of tubercle to form an integral 
part of the disease in each, and (whatever be its 
origin) to be transmissible from man to animals and 
from animals to animals. Of such transmission there 
exists a quantity of evidence, altogether conclusive, 
derived from experiment” 

It was, however, conceded on all hands that 
tuberculosis was a more virulent disease in animals 
than in man, and that the bacillus in the two 
species differed in morphological, cultural, and patho¬ 
logical properties. In 1901, at the Ix)ndon Con¬ 
gress on Tuberculosis, Koch expressed the opinion 
that, “human tuberculosis differs from bovine, and 
cannot be transmitted to cattle,” and that bovine 
tuberculosis was scarcely, if at all, transmissible to 
man. On the same occasion counter-evidence was 
produced by Mach'adyean, Bavenel, Crookshank, and 
many others. 

Koch based his opinion upon the negative results which 
followed the feeding of six cows with human tuhercolar sputum, 
making four others inhale human tubercle bacilli, and otherwise 
infecting nine more. None of the nineteen cattle suffered, and 
no tuberculosis was found in their body tissues post mortem. 
When, however, such cattle were infected with bovine disease 
they contracted it. Swine were also fed in a similar way, with 
like results. 

In 1902 Koch again emphasized the comimrative laiity of 
primary intestinal tuberculosis in the human being, and the 
local, as distinguished from the general, infective nature of 
accidental bovine inoculatioa' of man (tuisradsfis vsrrimia 
eiUit). In isolated cases the nearest lymph-glands might 
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become affected, but the disease lemained nevertheless a local 
one. Koch further expressed the view that if bovine tubercu¬ 
losis was transmissible to man by means of the milk of cows 
with tuberculous udders, it would be reasonable to suppose 
that ** groups of illnesses would occur, in a manner analogous 
to other infective diseases, though the circumstances would 
differ owing to the different length of the incubation periods. 
To carry ponviction as to milk-bomo tuberculosis, Koch main¬ 
tained that the following conditions must be fulllllcd; (i.) 
Certain proof of tubercle in the person affected; (ii.) exclusion 
of other sources of infection; (Hi.) the condition of all the 
consumers of the suspected milk; (iv.) the exact source of 
the suspected milk, particularly in respect to the disease of the 
udder iff the now yielding the milk. Finally, he ooncludcd 
that all that can bs said was that ffre injurious effects of milk 
infected with ^bovine tuberculosis and its products are not 
proven. 

As a result of the wide differences of opinion 
revealed by the pronouncement of Koch’s views, 
special Commissions of Inquiry were instituted in 
Germany, Great Britain, and other countries, in 
addition to the individual research work carried out 
by many workers. 

Kossel, Weber, and Heuss, who carried out a 
comparative research upon tubercle bacilli of different 
origins for the German Imperial Health Office, made 
a number of experiments on calves by injecting some 
, forty different strains of human ’bacilli and fifteen 
strains from cows, fowls, and swine. They concluded 
(1904) that in a preponderating number of cases of 
human tuberculosis bacilli occur which were found 
distinguishable from the bovine bacilli of Perhucht 
morphologically, culturally, and in pathogenic pro¬ 
perties, but that exceptionally in man tubercle bacilli 
occur which cannot be distinguished. They held that 
the possibility of infection in man in certain circum¬ 
stances by milk from tuberculous udders is proved. 
They found that^eneralized tuberculosis was produced 
in animals by mjecting strains of tubercle bacilli 
obtained from tuberculous i^eases in children. 
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A Royal C'ommuision was also appointed in this 
country, and in an interim report (1907) concluded that 
bovine and human tuberculosis was generically one 
and the same disease, though wide variation in degree 
of virulence may occur ; that the human body can be 
infected by the bovine tubercle bacillus and the bovine 
body by the human tubercle bacillus; that ii»a certain 
number of cases human tuberculosis, especially in 
children, is the direct result of the introduction of 
the Imvine bacillus, in the majority of cases through 
cow’s milk; that “ cow’s milk containing bovine 
tubercle bacilli is clearly a cause of tuberculosis, and 
of fatal tuberculosis, in man ”; that a very large 
proportion of tuberculosis contracted by ingestion is 
due to tubercle bacilli of bovine source; that a 
very considerable amount of disease and loss of life, 
especially among the young, must be attributed to the 
consumption of cow’s milk containing tubercle bacilli; 
and that on this account the findings of the Com¬ 
mission point clearly to the necessity of measures more 
stringent than those at present enforced being taken 
to prevent the sale or consumption of such milk.* 

The Third Report (1909) dealt with certain con¬ 
ditions of the tuberculous cow which rendered her 
milk infectious. The Final Report (1911) conclude^ 
that there were three types of tubercle bacilli, bovine, 
human, and avian; that the first two forms produce 
disease in man; that the two types are varieties of 
the same bacillus, and the lesions which they produce 
in man or animal are manifestations of the same 
disease; that there is insufficient evidence to deter¬ 
mine whether avian tulierculosis is the same disease 
as bovine or human tuberculosis; that mammals and 
man can be reciprocally infected with the disease; 
that a considerable proportion of tuberculosis in 
children is of bovine origin, more particularly that 

*^eon<l Befiort, Boyitl OommiHfoa ou Tuberoaloflia, tfiOt, pp. 20-S7. 
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irhich affects primarily the abdominal organs and 
cervical glands, and is derived from cow’s milk. 
The Commission “ urge action in order to avert or 
minimise the present danger arising from the con¬ 
sumption of infected milk.” > 

Means of prevention. —Chief among the means of 
preventicn are good personal health, nutrition, and re¬ 
sistance, improvement in the sanitary environment, 
and educational measures, comprising instiaiction of 
the general community, those directly exposed to 
infection, and those already tuberculous. Nor must 
the teaching of school hygiene be neglected. Know¬ 
ledge of the conditions under which tuberculosis 
is transmitted, of the channels of infection, of the 
appropriate destruction of sputum, etc., is most 
desirable. This knowledge should be conveyed in 
a personal and practical way. Secondly, early 
diagnosis, by means of bacteriological and clinical 
examinatioiv is of great importance as a preventive 
measure. Medical inspection and care of children also 
has its place in the early detection of the disease, 
and particularly in such treatment as the removal 
of adenoids and the reduction of measles. Thirdly, 
notidcation of tuberculosis to the Jocal H.O.E. is a 
direct means of introducing preventive and curative 
methods (Public Health [Tuberculosis] Regulations, 
1912). Fourthly, industrial betterment, removal of 
dust, and factory sanitation protect the worker. 
Lastly, there is need for a national scheme of 
organized investigation and treatment. This was 
recommended by the Astor Departmental Committee 
on Tuberculosis, 1912. 

'The first unit of the scheme is the tvbtreuloaU 
ditpentary, providing for the careful investigation of 
each case, followed by advice, cleansing, disinfection, 
the avoidance or removal of certain channels of 
infection, the provision of spiflbotties, etc. Home 
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training and constant supervision are often called 
for. The tuberculosis dispensary provides a means 
for investigation and treatment by domiciliary visita¬ 
tion, by nurses, health visitors, and others. It has 
six functions, v>iz.: (1) i-eceiving-house and centre 
of diagnosis, (2) clearing-house and centre for ob¬ 
servation, (3) curative centre, (4) clinic for examina¬ 
tion of contacts, (5) after-cave, (6) information bureau 
and education. 

Tlie second unit is the sanatorium. Under the 
Public Health Act and the Insurance Act the 
Sanitary Authority and the Insurance Committee 
have power to provide such treatment for suitable 
patients. Huts, tents, isolation hospitals, and private 
houses may all be adapted to this object, and under 
ap])ropriate manageinont yield good results equally 
with the elaborately equipped sanatoria in ideal situa¬ 
tions. Sanatorium treatment may arrest or cure 
early phthisis, and affords isolation and education 
for all cases (with appropriate after - supervision). 
Isolation and treatment are not only of value to 
the patient, but aid indirectly in protecting the 
community. Structure and etjuipment will depend 
on the type of case to be admitted {see p. 273). 
Children should be treated in special sanatoria, and » 
separate arrangements should be made for non- 
pulmonary and advanced cases. The sanatorium lor 
early cases should provide for the open-air life, ample 
food, and graded exercises and occupation, increasing 
as the patient becomes convalescent The length of 
residence will necessarily vary, but for the patient’s 
sake should not be less than about six montha If 
oases are properly selected they should be retained 
until sufSciently recovered to return to work and 
ordinary life or to an intermediate institution. The 
desirable sequence is tuberculosis dispensary (for early 
diagnosis and home treatment) followed by sanatoria 
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having farms and colonies, and effective after-care 
arrangements.* 

Vexkbkal Disk ask 

The three chief forms are syphilis, gonorrhmu, 
and soft chancre. From the end, of the fifteenth 
century pypliili^ has been endemic in Euro|K;. In 
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Fig. 63.-Spiroch*tt pAtlidt. x 2,000. (McDonagh.) 

1905 Schaudinn and Hoffmann discovered the causa* 
tive pfotozoon, the Spirockcetapallida (Fig. 63), which 
may be found in the blood, discharges, or diset^ed 
organs. Syphilis may be acquired by direct or in¬ 
direct contagion, or it may be hereditaiy. Ricord 
recognized three stages—primary, secondary, and 
tertiary. The average incubation period is about 

* See ttleo Spocfe) Report ot Local Ooveniiiient Board on Sauatorla 
for OoueutnpUon (BuletroM), 1000-6 (pablUhcd 1008-; and Import of 
Oepartineotal Commitlee on Tuberculosli. 1012 (and Appendix). 
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28-30 days. The primary infection may be genital 
or extragenital. The spiroohmte enters through some 
crack or fissure of the skin or mucous membrane, 
with the result that a papule or pimple is formed 
which becomes the syphilitic sore or “ chancre,” oval 
or round, red, indurated. In a few days the nearest 
lymphatic glands enlarge. The commonest sites of the 
chancre are the genital organs, fingers, and face (lips, 
tongue, mouth). About the seventh week after the 
chancre, evidence of the dissemination of the spiro- 
chffite occurs in irregular pyrexia, skin eruptions, 
lymphatic generalization, and disease of organs. 
Those secondary skin cniptions are polymorphic, 
widely distributed, and non-irritative, and include 
macular, [utpular, squamous, and follicular syphilides, 
resulting sometimes in rupia, condylomata, kerato- 
dermia, etc. Subsequently, in the tertiary stage, 
appear “ gummata ” in various organa, bone disease, 
and affections of the arteries and the nervous system, 
leading to grave complications—locomotor ataxia, 
optic atrophy, and general paralysis (parasyphilis or 
quaternary syphilis). 

Hereditary syphilis (inherited by germinal in¬ 
fection or through the placental circulation) attacks 
tissues in process of development, and when present * 
manifests itself in a high proportion of stillbirths 
or miscarriages, or in symptoms corresponding to 
secondary syphilis (“ snuffles,” skin eruptions, “ syphi¬ 
litic wig,” condylomata, iritis, choroiditis, interstitial 
keratitis, craniotabes, Hutchinsonian teeth, various 
nervous conditions, etc.). 

Syphilis is infective in all stages, but particularly 
in its primary and seoondary perioda It is spread 
by direct contact, and in 90 per cent, of cases in 
sexual intercourse. It is occasionally conveyed by 
kissing, suckling, etc., and indirectly by utensils, 
tobaod^pipes, etc. Many persons are innocently 
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infected, perhaps 25 per cent, of all women infected. 
Much syphilis is spread by infected males, ignorantly 
or recklessly, and one syphilitic prostitute may infect 
scores or even hundreds of men. Erb estimated that 
12 per cent, of the population of Berlin is syphilitic, 
and probably the proportion in Paris, London, and 
other large towns is similar. The mortality statistics 
are inadequate and unreliable. In 1914 the mor¬ 
tality in England and Wales was 58 per million 
(approximately 70 per cent, being children under 
5 years). There has been for some years a decline, 
apparent or real, in syphilis in the Army and Navy, 
but special Inquiries in hospitals, prisons, and asylums 
have shown by the Wassermann test an incidence 
varying from 5 to 15 per cent. Mortality returns for 
syphilis.do not include general paralysis of the insane, 
nor stillbirths and premature births, nor many infant 
deaths. Of 1,001 pregnancies of syphilitic women, 
only .390 yielded healthy living children (Harman ); 
in another 176 of such pregnancies there were only 
30 healthy children (MoU). 

Gonorrhcea is a specific urethritis due to in¬ 
fection by the gonococcus, discovered by Neisser in 
1879. The gonococcus is a diplococcus, kidney- 
. shaped, situated within the (lus cell (Fig. 64). 
It is decolorized by Gram stain and difficult of 
culture. The disease is liable to chronicity and is 
hard to cure unless treated in its earliest stages. 
Its complications are epididymitis (causing sterility), 
cystitis, and urethral stricture; in the female, endo¬ 
metritis and salpingitis may occur, often with sterility. 
Uonorrhceal septicsemia and ophthalmia are dangerous 
complications. The latter occurs also in new-born 
children. The disease is spread by contact, and is 
more common than syphilis. 

Soft chancre is a venereal sore, to be dis¬ 
tinguished from the indurated syphilitic lesion. It 
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is painful, multiple, accompanied by enlarged but 
not hard glands, has a short incubation period, and 
gives rise to no generalized disease. 

In 1913 the Royal Commiasion on Vene¬ 
real Diseases was appointed, it reported (1916) 
that the effects of venereal disease upon the indi¬ 
vidual and the race are grave and far rea«liing, and 



FU. 64.~Gonfleoeci and pus eelU with irre|ul«r nuclei. 


that by early and effective treatment it could be 
greatly reduced. This treatment, so far as syphilis 
is concerned, is now available by the discovery of 
the cause of syphilis in 1903, the elaboration of the 
Wassermann test in 1906, and the synthetization of 
salvarsan, or “ 606,” by Ehrlich in the same year. 
The Commission recommended various methods of 
treatment, which were subsequently provided for in 
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the Pnbllc Health (Venereal) Regulations, 

1016. Every county and borough council is re- 
qiiired (o) to make arrangements for enabling medical 
practitioners to obtain, free, examination of material 
from venereal patients, (6) to prepare a scheme for 
treatment at or in hospitals, and for the supply of 
salvarsani; or its substitutes. Authorities may also 
make arrangements with hospitals for the purposes 
of the Begulations, and provide for instructional 
lectures or the publication of information. The 
L.Q.B, repay 75 per cent, of approved expenditure 
incurred. The methods adopted by the Authorities 
are the estahlishmcnt of clinics and in-patient accom¬ 
modation and the provision of ample laboratory 
facilities for diagnosis and treatment (including ex¬ 
amination of discharges, foetal tis.sucs, and other 
materials, Wassermann tests, and the supply of sal- 
varsan, its substitutes, and mercurial preparations). 

The Venereal Diseases Acl, 191T, empowers 
the L.O.B. to forbid the treatment of venei'eal disease 
in any area otherwise than by duly qualified medical 
practitioners. Restriction is also placed upon medical 
advertisements and quack meiUcines. 

Salvarsan belongs to the group of aromatic arsenic com- 
rbinations (dioxydiamidO'nrBenubenzol)»lndis administered in 
solution by intravenous injection. I'hree to seven injections 
are given at intervals of eight days or longer; it is usually 
combined with mercury. The spiroch^etes are destroyed and 
the disease usually disappears rapidly. 

Wassermann* s test depends upon the ration which 
takes place between (<i) an antigen and (5) its specific ambo¬ 
ceptor (antibody) in the pr^ence of («) complement ($e^ p. 879}^ 
in ^e course o! which the complement becomes fixed and du- 
appears. If the antibody is not the specific antibody for the 
antigen used, no reaction takes place, and the complement 
remains free. The fixation or non-fixation of the oomplemoni 
is ascertained by means of the Bordet-Gengou phenomeiion 
the addition of Mother antigen and its antibody whose re¬ 
action in the presence of complement is known to have visible 
r^ults. If the oomplemem has bgen^xed, no reaction ensues; 
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but if it has not been fixed, the visible reflotion takes place 
and demonstrates the fact- ll )0 blood serum of tlie eyphUitio 
patient contains the antibody; the antigen used is usually 
pi'opared from syphilitic liver (or n mixture of heart-extract 
and cholesterol), and the complement is added. 'Ilie test is 
carried out as fallows: Cleanse the skin at the bend of the 
elbow with alcohol; collect with a sterile hollow needle 5~10 o.c. 
of blood from a vein; place the sample of blood a steriliaed 
centrifuge tube, and plug the tube; separate the clot from the 
serum, and inactivate the scrum by heating at 0. for one 
hour. To a series of test-tubes add (a) varying quantities of 
^e serum, (^) a standardiised (Quantity of antigen (syphilitic 
liver, or a mixture of heart-extract and cholesterol), and ( 0 ) a 
standardizod quantity of complement (fresh ^ineapig serum). 
Make up each tube to constant volume with noimul saline 
solution. Incubate at 37*^ C. for one hour, and add a mixture 
of washed sheep’s corpuscles and a standardized quantity of 
himnolysin. Incubate again for one hour; remove to an ice- 
chost for sovoral hours before examination. If syphilitic anti¬ 
bodies are present no hmmolysis will occur and a ** positive ” 
reaction is obtained, the corpuscles being at the bottom of the 
tube and the clear fluid above. 

Rabies (Hydrophobia) 

There are two chief forms, “ furious ” and “ para¬ 
lytic.” The former is the commoner in dogs. The 
disease is comparatively rare in man, but is one of 
interest and importance from the point of view of 
preventive medicine. There wei^e 761 deaths from 
hydrophobia in England and Wales between 1866 
and 1885, and none during the six years 1899-1904, 
except 2 in 1902. 

Hydrophobia causes most deaths at ages between 
5 and 15years; more among males tim females; 
and more in late summer and autumn than at other 
seasons (Longataff). 

The disease is imparted to man by the bites of 
rabid dogs; or, more larely, of rabid cats, foxes, or 
wolves. The ordinary incubation period ia six 
weeks. It is stated to have been as short as 
one week in children bitten about the face. The 
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disease almost invariably ends in death within a few 
days. It is not known to have been transmitted 
from one human bein); to another. Bites about the 
face are more deadly than others, and in such cases 
the incubation is short. The danger fs less when the 
part bitten is protected by clothing. Taking only 
cases of bites by animals proved beyond doubt to be 
rabid (the proof being the occurrence of a genuine 
base of rabies in some person or animal bitten by 
them or inoculated from them), hydrojihobia manifests 
itself m about 15 per cent, of the persons bitten. 

Pasteur discovered that the vinos, though absent 
from the blood, is present in the spinal cord of rabid 
animals as well as in the saliva, and that a portion of 
the spinal cord of a rabid animal (or human being 
dead from hydrophobia), inoculated beneath the 
dura mater of a rabbit, imparts the disease with 
certainty. Further, he demonstrated that the infected 
cord gradually loses its virulence if kept in perfectly 
dry air, and that this attenuation affords a means of 
curative or protective inoculation. He inoculated at 
short intervale with successively more and more 
virulent material, commencing with very attenuated 
virus (after fourteen days’ drying)^ until at last three- 
Qays-old cord was employed. It is surmised that the 
protection is due to a chemical substance, and not to 
any real attenuation of the microbe. However this 
may be, the result of the course of inoculations—so 
far from causing rabies, as a single inoculation with 
fresh rabic cord would do—is to render dogs insus¬ 
ceptible to rabies. The same treatment is now ex¬ 
tensively practised in regard to persons bitten by 
rabid animals; and the mortality among such, under 
early treatment, is no longer 10, but a fraction of 
1 per cent. In the decennium 1893-1902, on an 
average, 1,450 persons were tyisated annually at the 
Pasteur Institute in Paris, Aid the rate of mortality 
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was 0 32 per 1,000. In 1903-12 the rate fell to 
0'23 per 1,000. 

The microbe has not been isolated with any cer¬ 
tainty, although both micrococci and bacilli have been 
found in the raOic cord. 

Rabies can be stamped out by muzzling all dogs for 
a sufficient length of time. This was done iti Sweden 
many years ago, and the country remains free from 
rabies. Less isolated countries arc subject to con¬ 
stant new importations of the disease across the 
frontiers, but the success of repressive measures 
has been very great. Thus hydrophobia, though for¬ 
merly prevalent, has been unknown in Berlin since 
1874, and the Prussian provinces are practically free 
except on the eastern (Russian) frontier. 

In England several local attempts were made 
in the same direction, but none upon a large scale 
until 1890, when it was made compulsory for a time 
throughout Lancashire, Cheshire, the West Riding, 
and London, and was followed by the cessation of 
rabies. In London muzzling was adopted in 1886, and 
again, as well as in many other areas, in 1919. The 
Rabies Order of 1892, issued by the Board of Agri¬ 
culture, enables county Authorities to make regula¬ 
tions for muzzling and other preventive measures, and 
the Importation of Dogs Order of 1901 has served as 
a great protection to the United Kingdom. 

(7I.AXOKKS, OK i'sKCY 

This disease, as ahlecting man, was only described during 
the last century. Although in isolated instances it has been 
transmitted from one human being to another, it is practically 
always acquired from the horse. B. mallti does nut appear 
to be capable of aerial transmission, except, perhaps, for very 
short ranges, and nothing is established as regards conveotion 
by water or milk. The bacillus is slender, Qram-negative, 
and occurs in discharges. It stains with carbol-thionin bine. 
Inoculation is the almost invariable inode of infection so far 
as man is concerned; but it is probable that this may some- 
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times occur without abrasion of shin or mucous membrane. 
Among animals the disease spreads rapidly. It is very rare in 
man, but attended with an extremely high mortality, which is 
stated to be not less than 60 i>er cent, in chronic cases, and not 
far from 100 per cent, in the acute variety. The usual in* 
cubation ranges fi'om three to eight (lays„and is shortest in 
acute cases. For 'obvious reasons, men are much more liable 
to .glanders than women or children. The disease affects the 
nasal Hnd< respiratory mucous membranes, and also the lym¬ 
phatic glands. When the latter are attacked first, the disease 
IB termed farcy. 


Anthrax 

Man is affected by anthrax in two forms, exter¬ 
nal and internal. External anthrax, or “ malignant 
pustule,” has its usual seat about the face or neck, 
and is, no doubt, due to inoculation. The first local 
manifestation is the appearance of a papule or vesicle, 
which develops in the course of a tew days into an 
inflamed indurated mass with a central black slough. 
The border may be fringed with vesicles or inflamed. 
The surrounding tissues and the lymphatic glands are 
swollen and indurated. The disease may remain local¬ 
ized, and end in resolution, or at moat in suppuration. 
Dsually, however, constitutional symptoms attend its 
course, and general infection may follow. Occasionally, 
malignant pustule supervenes upon internal anthrax. 
Internal anthrax appears to be due to inhalation or 
swallowing of the poison. After a very variable in¬ 
cubation period, ranging perhaps from two to twelve 
days, the early symptoms are chills, weariness, de¬ 
pression, restlessness, and a feeling of constriction in 
the chest. This prodromal stage may last only a few 
hours, but more usually two to six days, and then 
graver symptoms set in suddenly. The prostration be¬ 
comes extreme; pulse and respiration are rapid. Tho 
temperature is somewhat elevated, but always liable 
to sudden renfissions, accompanied by perspiration. 
The patient may die from heart-failure, or brain 
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symptoms may become prominent, or pneumonia or 
diarrhoea may supervene. Remissions may occur. 
The mortality is high, but recovery may happen even 
in serious cases. The protection derived from an attack 
is very slight, i{ any. 

Anthrax received the name of “ wool-sorters’ 
disease " from its prevalence among men employed in 
sorting foreign wool and hair. Tanners, butchers, 
and persons engaged in handling raw hides or horse¬ 
hair are liable to malignant pustule. 

Anthrax attacks sheep, goats, pigs, cattle, and 
horses, and may l)e communicated to mice, guinea- 
pigs, and many other animals. As in man, the dis¬ 
ease may be either localised or constitutional, and 
in the latter variety enlargement of the spleen is so 
prominent a characteristic that anthrax is known as 
“splenic fever.” A field may become infected with 
anthrax, and healthy animals turned into it after 
the lapse of months, or even years, may acquire the 
disease. The infection is probably imparted to the 
superficial layers of soil* by the blood or secretions of 
affected animals, in which the resistant spores form. 
Other sources of infection of animals are the use 
of infected dust or other trade refuse as manure, 
and drinking from streams receiving infected trade^ 
effluents. 

Although exact evidence is wanting, it may be 
assumed ti^t anthrax can be acquired by eating the 
flesh of diseased animals. The usual modes of infec¬ 
tion in man are by inoculation and inhalation, and it 
has been suggested that the poison may be carried by 
flies and other insects. 

Bacteriology, —The pathogenic organism is the 
JBaeilhw anthrams (Fig. 66), which forms spores when 
exposed to air. The bacillus, which grows readily on 
ordinary media, is square-ended, 1 ft broad and 4-6 /i 
long, sometimes in filaments; aerobic, uon-motile. 
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liquefying; chiefly occurring in the spleen and blood¬ 
stream, and imdily destroyed by heat or other dis¬ 
infecting agcmcies, though the spoi’es are extremely 
resistant It has been found that animals can be 
infected by inhaling or swallowing the spores, but not 
by the bacilli unless there is some abrasion such as to 
allow practically of inoculation. Bacilli are destroyed 
by the gastric juice, 8j>ores are not. 

Martin has shown that the liacUlns mUhracis pro¬ 
duces albumoses, which in turn yield toxins much 



Fi|. 65.—Badtiiu* AathracU from pure culture, •bowing oommenoing 
•pomUtlon. X 760. 

more virulent than themselves. Sclavo of Siena has 
prepared an anti-anthrax serum from which excellent 
results have been obtained, reducing the case-mortality 
from 24 to 6 per cent. The animal used for immu¬ 
nization is the ass, which is inoculated with slowly 
increasing doses of virulent cultures of the anthrax 
bacillus. Bloed is drawn from the left jugular vein, 
and after clotting the serum is decanW and ether 
added to the extent of 3 [jee cent, of the whole bulk. 
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The serum is then bottled with antiseptic precautions 
in 10 C.C. tubes. 

Ill external anthrax early excision is of the 
greatest importance, and usually results in recovery. 

Cases of antlirax in horses, cattle, sheep, pigs, etc., 
are dealt with under the Anthrax Order of 1910, 
issued by the Board of Agriculture. The owndl reports 
the outbreak to the ina|>ector specially appointed for 
the purpose by the local Authority. It is the inspec¬ 
tor’s duty to inform the K.O.H. and to direct pre¬ 
cautionary measures as to isolation, disinfection, 
and destruction of the carcass, as prescribed in the 
Order. 

Tetanus 

This disease occurs in man and horses most com¬ 
monly, though it may affect other animals. There 
is usually a wound, often an insignificant one, which 
may occur in any part of the body, but is nearly 
always on one or-other of the limbs. It is not the 
locality of the wound, nor its size, that affects the 
disease. Wounds which are jagged, and occurring in 
absorptive tissues, are those most fitted to allow the 
entrance of the bacillus. The wound forms a local 
manufactory, so to speak, of the bacillus and its 
secreted poisons ; the bacillus remains in the wound, • 
but the toxins may pass throughout the body, and are 
especially absorbed by the cells of the central nervous 
system. Suppuration generally occurs in the wound. 
After a few days or, it may be, as much as a fortnight, 
when the primary wound may be almost forgotten, 
general symptoms occur. Their appearance is often 
the first sign of the disease. Stiffness of the neck and 
facial muscles, including the muscles of the jaw, is 
the most prominent sign. This is rapidly followed by 
spasms and local convulsions, which, when affecting 
the respiratory or alimentary tract, may cause a fatal 
result. Eever and increased rate of pulse and respira- 
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tion are further signs of the disease becoming general. 
After deatli, which results in the majority of cases, 
there is very little to show the cause of fatality. The 
wound is observable, and (mtches of congestion may 
bo found on different parts of the'nervous system, 
particularly the medulla (grey matter), the pons, and 
even the cerebellum. The experience of the Pasteur 
Institute tends to support the theory that tetanus is 
a “nervous” disease, more or less allied to rabies, 
and is best treated by intracerebral injection of 
antitoxin, which then 
has an opportunity of 
opj'using the toxins 
at their favourite site. 
The toxins diffuse 
throughout the tis¬ 
sues of the body, but 
particularly affect 
tl)e spinal cord. The 
long incubation 
period indicates that 
the toxins are prob¬ 
ably produced by a 
ferment which is an 
extremely powerful 
poison. 

Bacteriology.— In the wound the bacillus (Fig. 
66) is present in large numbers, but mixed up with 
a great varie^ of suppurative bacteria and extraneous 
organisms. It is a straight short rod with rounded- 
ends, occurring singly or in pairs or threads, and 
slightly motila Flagella may be demonstrated (lateral 
and terminal). Branching also has been described. 
Indeed, it would appear that, likd the bacillus of 
tubercle, this organism has various polymorphic 
forms. A lar|e round spore occurs at one or other 
pole of the bacillus (“ dmmstfek ” appearance). The 
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spores are very resistant. The bacillus is an anaerobe, 
stains with the Gram, and grows at blood-heat. In 
some soils it is common, and infection has frequently 
been derived from dust in jute factories, otc. Anti¬ 
toxic serum is used. The usual method is intra- 
spinal injection by lumbar puncture, followed by 
intravenous injection (6,000 U.S.A. units iin each 
case). Intracerebral injection is also employed. The 
prophylactic dose is 500-1,000 U7iits. 

Puerperal Fever 

In 191-5 the number of deaths assigned to preg¬ 
nancy or childbirth was 3,408, or 4 "18 per 1,000 
births, jmincipally from puerperal fever, limmorrhage, 
and convulsions The means of prevention are—(1) 
improved healtii of the mothei', (9) aseptic midwifery, 
(3) skilled medical service and midwives, (4) antenatal 
consultations and clinics. 

Annual Death-Rates prom Epidemic Diseases 

The incidence and fatality of the infective diseases 
form one of the essential measurements of the public 
health. The incidence is recorded by notitication or 
reports of oases, the fatality by the respective death- 
rates. The attached Table (p. 494) gives the annual 
death-rates per million living from the principal epi- • 
demic diseases in England and Wales (1871-1915). 
The death-rates for measles and whooping-cough under 
15 years of age, the total infant mortality under 
1 year of age, and the crude death-rates from all 
causes have been added for comparative purposes. 
It will be noted that, with the exception of diph¬ 
theria, all the death-rates have declined, smallpox 
and typhus to the vanishing-iioint. The deatfi-rate 
of smallpox was 676 per million in 1838-42, so that 
its decline is the most remarkable, but the fall in 
the death-rates of typhus, enteric, and scarlet fever 
is significant. 
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CHAPTER XIV 

TROPICAL DISEASES 

In this chapter will be considere<l briefly some of 
the chief tropical diseases. Many diseases, such as 
pneumonia, diarrhoea, typhus, and typhoid, occur, of 
course, in sulvtropical and tropical countries; but 
such diseases as cholera, yellow fever, plague, malaria, 
relapsing fever, and leprosy have their origin or at 
least their home in the tropics. 

Asiatic Cholera 

Cholera has its endemic area in certain parts of 
India, including the delta of the Ganges. The first 
giTiat epidemic in India occurred in 1817. At 
irregular intervals it spreads in epidemic or pan¬ 
demic form over a great part of the world. It 
follows the lines of tratfic by land or water, but no 
reason has been found for the apparently capricious 
selection of some routes and omission of others. The 
invasion of each new country along its line of march* 
is almost invariably traceable to infection through 
some point of communication with a country already 
attackeil. In temperate climates the outbreak often 
subsides or disapfiears in winter, but frequently re- 
apjiears with the warm weather in the late spring 
or early summer; and may even recur again in the 
third year, apparently without fresh introduction. 
In India, from 1896 to 1913, seven million deaths 
were caused by cholera. 

Oholera gained a firm footing in England on four occasions, 
vis. 1831-2, 1848-9,1853-4, and 1865-6, the epidemic extension 
495 
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from India having occupiod respectively five, two, ono, and 
two years in transit. 

In 1831 infection was carried to Sunderland and Newcastle, 
from Baltic ports, in October, and in the course of the noxt 
year caused great mortality throughout the kingdom. The 
system of registration of deaths was not theh in operation, but, 
accordii^ to Hirscb, tho total mortality in England was 
30,924. ^ 1848 Hull was infoctod from Hamburg early in 
October, and tho disease at once spread. Only 988 deaths were 
recorded in England from October to March, but the epidemic 
made rapid progress in the summer, and before its 6nal dis* 
appearance m December, 1849, it had caustid 63,293 deaths, 
besid|8 a heavy diarrhoea mortality, part of which may be 
supposed to have boon duo to cholera. In 1863-4 the invasion was 
again from Germany, London being attacked in August. The 
outbreak continuod through the winter, especially in tho north; 
became morn active in July, 1864, and overran the country, 
causing during the year 20,097 doatha in England and Wales. 
The 1866-6 epidemic was milder, but still resulted in 14,378 
deaths. 

On several other occasions the disease has invaded Europe, 
but failed to reach England, notably in 187l-'4 and 1884-7. In 
1892 it again spread to many parts of Western Europe, notably 
Hamburg, but, apart from imported cases, none appeared in 
England until September,' 1893, when a few occurred at 
Grimsby, Hull, and elsewhere. Since then only small isolated 
ontbr^ks have occurred in this country. From 1907 the 
disease became prevalent in Russia, and passed down the 
rivers into East Prussia. 

« Climate, season, and temperature* —Heat 
is a predisposing condition, but cold does not neces¬ 
sarily arrest the disease. Severe epidemics have 
occuired in Sweden and Russia in the depth of 
winter. Rainfall and telluric conditions also exert 
influence in its prevalence. 

Even in India the seasonal curve of cholera prevalence is 
^ no means always parallel with that of temperature. 
Ghsnerally speaking, in Bombay the maximum of ohol^ 
deaths is in A|nil; in the N.W. Provinces and the Deccan 
in August; in Madras there axe two maxima, in January 
or February ai8l September; and in Calcutta a chin 
nmximum in April and a junallex one in November. .In. 
fdl these regions, except one, the nighest mean temperatnre 
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is reached in May; in the N.W. it is in June. In Madras 
cholera mortality is at its minimum in Juno, when the mean 
tempenituro is at its highest. In Europe, as a rule, epidemics 
attain their maximum in August, but sometimes in September 
or J Illy. 

Epidcmioloiry-—Cholera is carried by man 
(patients, convalescents, contacts), and hf closely 
associated with his personal habits. In Europe and 
America it enters at seaports, in Asia it follows the 
fairs and pilgrimages. Epidemics are especially apt 
to follow the low-lying districts along banks of rivers 
and lakes, whether navigable or not. Hilly regions 
seem to escape frequently, altliough outbreaks may 
occur on high ground. The infiuimce of elevation is 
often recognizable even in the distribution of cholera 
in a single town. Particular quarters, streets, and 
even houses are often selected for attack in a town 
invaded by cholera, and the selection can usually be 
explained by the existimce of overcrowding and some 
tilth condition in or about the houses, some |>ollu- 
tion of water supply, or other insanitary condition. 
Drinking-water above all things has been closely 
associated with cholera in England and India. 

A few classical instaneds may bo quotod horo. The 1849 
epidemic was very fatal in a part of London supplied mainly* 
by^wo water companies—the Southwark and the Lambeth— 
both of yrhich distributed polluted Thames water after imper¬ 
fect filtiatioQ. The incidence of cholera was substantially the 
same upon the customers of both companies, whose matiu 
supplied the same districts and even houses in the same streets. 
In 1864, however, the population supplied by tho Southwark 
Company suffered in 14 weeks a morality from cholera of 13 
per 1,000, and the customers of the Lambeth Company only 
3‘7 per 1,000. The disease singled out the houses supplied by 
tho Southwark Company, whose intake remained as in 1849; 
while the Laml^th Company had in the meantime obtained a 
purer supply from a point many miles higher up the river. 

The 1866 midemio in London chiefly affected Poplar, and 
Netten Kodksliffe found a similarly close coincidence between 
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the area affected and the distribution of polluted water by 
the East London Company. In 1864 a sndden and intense 
outbreak occurred among the inhabitants of a small area near 
Golden Square, upwards of 400 persons being attacked within 
fire days. The incidence of the disease was limited to those 
who bad drunk the water from a pump in Golden Sqxiare— 
including persons residing at a distance who had sent for the 
water—and upon investigation the well was found to be 
polluted With sewage. A few fatal cases had occurred in the 
vicinity during the month previous to the outbreak, and there 
was strong probability of specific pollution of the well. 

Mere recently, the experience of Hamburg, Altona, and 
other places has afforded further proof of the possibility of 
oonv^tion of cholera on a large scale by drinking-water. 

R«ce.-»The incidence and severity are greater 
among negroes than Europeans, but apparently less 
among natives of hot countries in which cholera 
occurs than among European settlers. 

Insanitai^ conditions of air, water, food (in¬ 
cluding milk), soil, drainage, and housing determine 
the points of attack. Excremental filth is most dan- 
gerons of Ml. Infection may be carried by flies. 

The poison doubtless gains access to the system 
by inhalation or swallowing. The incubation period 
is stated to be usually a few hours to three days, 
but may reach ten or even twenty days (Parket). 
.Clinically, cholera is marked "by profuse watery 
stools, like thin rice-water containing white fiocculi in 
suspension. Vomiting, cramps, suppression of urine, 
cyanosis, and collapse often ensue. Hyperpyrexia 
is a rare occurrence, but sometimes the patient 
passes into the typhoid state with various com¬ 
plications. The mortality is, as a rule, not far 
short of 50 per cent, of the cases, and may be 
greater. Infection is given ofi' in the discharges 
from the bowels, and probably in the vomit also. 
These may infect water, soil, or fomites. 

Bacteriolo^.— In 1883 Koch isolated from cholera 
disohai^ a microbe whic^ fliom its shape received 
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the name of “comma” bacillus (Fig. 67). It is a 
curved rod, often about half the length of the tubercle 
bacillus, and motile. Strictly speaking, the “ comma ” 
bacilli are segments of a spirillum or vibrio, and not 
true bacilli. They are present in choleraic evacua¬ 
tions, generally, if not always, in spirillum form 
They occur in the intestinal wall and in the*dotached 
flakes of mucous membrane, in which they often lie in 





2 > c 


Fig. 67.—Cholera bacUlot, 24 boon' grovrth. x 1,000. 

(ilftfir (rnd IHUiftie.) 

parallel arrangement, creating the “ fish in stream 
appearance ” under the mioroscopa They do not 
occur in the blood, and but little in the body 
generally. 

The bacillus liquefies gelatin and grows in in¬ 
volution forms, but does not produce spores. It is 
stained by ordinary aniline dyes, but not by Oram’s 
method. In cultures it grows aerobically, and pro¬ 
duces nitrates, but can be acclimatized to anaerobic 
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conditions, and is then more virulent hut less 
resistant. The organism produces characteristic 
growth on the ordinary media, and produces indol, 
which, with the nitrates, gives a r^ reaction on 
addition of sulphuric acid (nitroso-indol). This test 
is known as “ the cholera-red reaction.” The bacilli 
are killediby acid liquids, so that they cannot live in 
presence of the acid gastric juice, but it has been 
shown that the contents of the stomach may remain 
alkaline if only liquids are taken. Koch neutralized 
the, gastric juice of fasting guineapigs by alkali, 
checked the peristalsis by opium, and then introduced 
cultivations of comma bacilli into the stomach. 
The animals died in a day or two, the intestines 
being filled with fluid containing numbers of 
comma bacilli. 

Broadly, the reasons for believing Koch’s comma 
bacillus to be the cause of cholera are—(a) its con¬ 
stant presence in oases of the disease ; (6) the results 
of accidental infection ; (c) thb agglutinative and pro¬ 
tective properties of the serums of cholera patients ; 
(d) the result of Haffkiue’s preventive inoculation 
with his two vaccines (s«e below). 

Vaccination. —Koch’s bacillus has been “in- 
fensifted ” in various ways, and 'is then pathogenic to 
lower animals, including dogs and rabbits. It has 
also been attenuated, and a protective “ vaccine ” has 
Ijeen obtained. Hafl'kine prepares two vaccines, the 
weaker of which is made from cultures of the bacillus 
attenuated, and the vwut emlM from similar cultures, 
' the virulence of which has been increased by passage 
through animals. The first vaccine is inoculate, and 
followed, three or four days afterwards, by the second. 

Yellow Fever 

This dise&se has its endemic areas in the West 
Indies and certain parts jjf the Mexican and West 
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African coasts. Among European countries only 
SiBiin and Portugal come practically within its epi¬ 
demic range. -Infected ships reach European ports, 
but without causing any spread of the disease. 

In the endemic area the greatest prevalence is between 
April and .September, but in higher latitudes the epidemics 
occur in summer and autumn, begiuning usually dn July and 
August, and never lasting beyond December. It is only 
endemic in regions where the mean temperature reaches about 
7o" F., and epidemics do not as a rule occur in any latitude 
unless the temperature is above that point. A fall below 
76“ F., however, will not necessarily arrost the course of an 
epidomic when once begun, though it will usually cause a 
remission, but frost always an-ests it more or less complotcly. 
According to Hirsch, atmospheric humidity and rainfall are as 
a rule favourable to yellow fever, unless accompanied by great 
lowering of temperature. With few e-veeptions the incidence 
of the disease is limited to the sea coast and the shores of 
great navigable rivers; only in intense epidemics does it affect 
elevated points. Even in the West Indies it rarely extends as 
high as 700 ft. above the sea. 

Predisposing conditions. —Yellow fever is 
a disease of towns, and has a strong tendency to 
localize itself in certain quarters, streets, or blocks of 
houses. Successive epidemics frequently single out 
the same local foci. As a rule these are in the 
filthiest and most crowded parts, where insanitary 
conditions of every kind abound, and more especially 
oxoremontal pollution of the air, soil, and water. 
Outbreaks frequently occur on board ship, and,, if 
virulent, are usually associated with similar filth 
conditions. 

Telluric conditions have probably some intluenoe, 
but the disease is not known to be conveyed by 
drinking-water. Some authorities believe that wind 
can carry the infection for short distances. 

Negroes, and perhaps also Chinese, have more 
or less immunity from yellow fever. Stranger's of 
other races, and especially those from temperate 
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climates, are very liable to attack. They may acquire 
a considerable and increasing degree of immunity 
by “acclimatization," but for this it appears to 
be essential that they reside in a yellow-fever dis¬ 
trict for some years, including an epidemic period. 
It is possible that natives gain their immunity 
in the pame way during childhood. Those who 
have undergone an attack are safest of all. It 
seems, however, that negroes as well as other persons 
may lose their immunity by a few years’ residence in 
temperate climates, and even by migration from one 
yellow-fever district to another. Both susceptibility 
and severity of attack are found to increase in inverse 
proportion to the temperature of the native country. 
In Ouiana tho case-mortality among West Indians was 
7 per cent, Italians and French 17 per cent, English 
19 per cent, Germans and Dutch 20 per cent, 
Scandinavians and Kussiatis 28 per cent. Young and 
vigorous persons are said to be especially liable to 
attack, and’men more so than women. 

Yellow fever follows almost exclusively the lines 
of maritime traffic, and is not carried far by land. It 
is certain that ships may become infected and retain 
the infection with much tenacity, and baggage and 
other fomites have been known to convey infection 
without the intervention of infected persons. That a 
person whether infected or not may carry the in¬ 
fection with him appears to be undoubted, but the 
most intimate contact with the sick, wearing their 
unwashed clothbs, occupying the same beds, making 
autopsies, and eveti inoculating the vomit, may, so it is 
alleg^ fail to impart the disease. 

Clinical lenturee, — The incubation period 
varies greatly, from two or three to fourteen or sixteen 
^ys, but rarely exceeds four or five days. The attack 
is sudden, with Mgh fever and intense headache accom¬ 
panied by lumbar and spinal grains. Vomiting sets in 
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early, becomes incessant, and in three or four days 
blood is seen in the vomited matter, and often in the 
fteces. The urine- is albuminous, and scanty or sup¬ 
pressed. Jaundice follows, and the patient passes into 
a typhoid state. A large proportion of the cases 
end fatally, the rest in lysis and convalescence in 
two or three .weeks. The duration of the» infective 
jieriod is brief, lasting only the first three or four 
days of the disease. 

Etiology. —The etiology of yellow fever is 
obscure, and two theories share the chief support: 
the first is tlmt the disease is due to SanarelU’s 
Bacillus icteroides, the second (and more probable) 
that it is due to a protozoan parasite conveyed by a 
species of mosquito. 

In 1901 the United States Army Oommission 
reported that whilst B. icteroides was not always 
present in yellow fever, the blood appeared to contain 
the virus, and retained it after being passed through 
a Berkefeld filter. The Commission further report^ 
that the disease was not communicable by direct 
contact, but probably by mosquitoes, as in malaria. 
The species of mosquito suspected was the common 
West Indian mosquito, Stegomyia fasoiata (5. calopus). 
Preventive measures were adopted in Havana on the, 
mosquito hypothesis, with the remarkable result that 
the disease was stamped out. Quitfras, of Havana, 
has carried out further experiments which confirm 
many of the Commission’s findings, and, iu particular, 
the transmission of the disease by mosquitoes. A 
United States Army Expedition reinvestigated the 
subject in 1902-3, and reported that: (1) Baoterio 
logical examination of the blood daring life, and of 
organs and blood immediately after death, is negative 
(2) Stegomyia fasoiata, when allowed to suck the 
hlood of a yellow-fever patifint 41 hours after the 
onset, can on biting a non-immune person 22 days 
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later produce the disease. (3) Stegomyia faaciata, 
contaminated by sucking the blood of a yellow-fever 
patient, and then killed, cut into sections and appro¬ 
priately stained, presents with regularity a protozoan 
parasite, Myxo-eoccidium sfegomj/ioi,* which can be 
traced through a cycle of developments from the 
gamete tc the sporozoit. (4) Stegomyia Jasciata, fed 
on the blood of a person with malarial fever, on 
normal blood, or artificially, does not harbour the 
myxo-coccidium. 

Frevention. —The preventive measures to be 
adopted against yellow fever are the avoidance of 
districts in which it is known to prevail, the selection 
of inland, thinly-populated, and especially elevated 
points for residence, the systematic destruction of 
mosquitoes in their breeding - places, the rigid dis¬ 
infection of infected houses, avoidance of the Stegomyia 
mosquitoes, and strict attention to sanitary conditions. 
Fatigue, aximsure to sun, alcohol, and improper food 
are said to predispose to infection. 

Plaque 

First introduced from the East, and possibly 
^identical with the Black Death ’of the Middle Ages 
(1348), plague was frequently epidemic in England 
up to the time of the Great Plague in 1665. In the 
following century it retreated eastward, and dis¬ 
appeared from Europe in 1841 and from Egypt in 
1844. In Asia it has lingered on endemically in 
certain temperate regions, and of late has shown 
renewed activity, especially in India. Grave epi¬ 
demics have occurred ffrom 1896-1913 it caused eight 
million deaths j^‘*'°idia), and infection has been 
brought in r08f*®^ears by ship to Great Britain. 
Since 1894 tlie %sease has assumed some of the 
characteristics of a. pand^ie. It is an infectious 
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filth disease, fostered by destitution, uncleanliness, 
overcrowding, and lack of ventilation. 

Clinicnl features. —There are four chief varie¬ 
ties : the bubonic form, the most common and typical, 
the lymph-glands being chiefly aifected in the groin, 
the axilla, or the neck (carried chiefly from man to 
man by insects); the septicamic, in which tli# bacillus 
reaches the blood; the jmeumonic, which is spread 
directly from man to man, and in which the lungs are 
mainly affected (about 2 per cent, of the cases in India); 
and pestis minor, in which the affection of the glands 
stops short of the septicaemic stage, and even the local 
symptoms are slight. There are certain symptoms 
common to all forms of plague, when at all severe. 
An ordinary attack of plague usually begins three to 
five days after infection. Such an attack may develop 
gradually, but generally there is sudden onset with 
much' fever, as indicated by a high temperature, rapid 
pulse, headache, backache, hot skin, and thirst. The 
eyes are injected as if inflamtsl; the expression, at first 
haggard, anxious and frightened, becomes subsequently 
vacant, listless, and dull; the utterance is thick, and 
the gait unsteady as in one under the influence of 
alcohol. Mental aberration develops quickly. There 
is frequently a marked tendency to faint. Thij 
tongue is at first covered with a moist white fur, 
except at the edges, which are red, but later on it 
becomes dry and of a mahogany colour. Vomiting 
and nausea are present from the onset. Sleeplessness 
is a characteristic symptom. The most distinctive 
sign, however, is the presence of swellings, or 
“ buboes,” in the groin, armpit, or neck, which appear 
on the second or third day of the disease, as large, 
smooth, tense swellings, painful and tender on 
pressure, and in size varying from that of an almond 
to that of an orange. 

Cases occur in which these manifestations of the 
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disease are greatly delayed or even absent, as, for 
instance, in “ pneumonic,” “ gastric,” and “ septi- 
cffiinic ” plague—forms of the malady which may be 
mistaken respectively for inflammation of the lungs, 
typhoid fever, or acute blood imisonCng. Plague in 
these forms is always grave, not only because of the 
fatality of the cases, but for the reason that they are 
highly infectious to other persons. It is important, 
therefoi-e, that, in localities where plague is present or 
is threatened, cases of anomalous illness of the above 
sorts should be, without loss of time, brought under 
medical supervision. 

There is'also the so-called “ambulant form.” In 
plague of this description the affected person is hardly 
ill at aU, presenting no definite symptoms perhaps 
beyond indolent, though painful, swellings in groin 
or armpit. Such plague oases may nevertheless be 
instrumental in spreading the disease. The'case- 
mortality of plague in India in 1896-1913 was 
estimated fb be not less than T6 per cent. 

BacterlolOKy* —The causal organism, Bacillui 
peitia, was discovered in 1894by Kitasato in the blood 
of patients suffering from the disease (Fig. 68). It 
is a small, round-ended, oval cell, with marked polar 
staining, hence presenting an appearance not unlike 
a diplococcus. In the middle there is a clear inters 
space, and the whole is surrounded with a thick 
capsule, stained only with difficulty. The organisms 
^ are non-motile and often linked together in pairs or 
even chains (especially in fluid cultures), and exhibit 
polymorphic forms. In culture the bacillus may be 
coccal or bacillary in form. 

It grows readily on the ordinary media at blood- 
heat, producing smooth, shining, circular, cream- 
coloured colonies, with a wavy outline, and these 
eventually coalesce to form a greyish film. It melted 
butter (or ghte) or oil be ^dded to bouillon, the 



PLAQUE 


607 


xiv] 

bttoillus grows in “ stalactite” form. The following 
negativecbaracters assist in differentiating the bacillus : 
There is no growth on potato; milk is not coagulated; 
gelatin is not liquefied; Gram’s method does not 
stain the bacillus; and there are no spores. The 
bacillus is readily killed by heat or by desiccation 
over sulphuric acid. It should be noted that the life 



Fig. pcitit ia oluiiis. x 1,000. 

(Mui/r and 

of the plague germ (extra-corporeal) in soil and in 
the floors and walls of houses is of short duration. 

In the body the bacillus chiefly frequents the 
spleen and lymph-glands, the latter becoming inflamed, 
especially the inguinal and axillary. 

HaSkine has prepared a vaccine which diminishes 
the incidence and fatality of the disease in inoculated 
populations, although the degree of proteotiott is not 
perfect. The vaccine is made from a six-weeks-old 
broth culture of B. pestit, sterilized at 65-70° 0. for an 
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hoar, aud preserved in bottles containing 0'5 per cent, 
carbolic acid. The dose is 6-10 c.c. Lustig dissolves 
agar cultures of the bacillus in caustic potash, 
precipitates the nucleo-proteins, and dries iu vacuo. 
The dose is about 3 ing. HaUkino’s vaccine has 
reduced the number of attacks and the mortality. 
Yersin’seserum (60—300 c.c.) may also be used as a 
prophylactic (5-10 c.c.). 

Plague is, in a general sense, a disease of locality. 
It is contracted principally at night, and, though an 
infecjiious disease, the part which man plays as a 
direct agent is more or less suGordinate. The In¬ 
dian Plagus Commission have shown that the essen¬ 
tial cau.se of epidemics is the plague-stricken rat, and 
the intermediate agent between rat and man and 
rat and rat is the common rat-flea {Pulex elicopia), 
which acts as a carrier of the bacillus. The common 
English rat-flea is CcraiophyUua Jaaciatua, and an 
eflicient host of plague germs. The blood of an 
infected rht generally contains enormous numbers of 
bacilli, and insects sucking such blood readily become 
infected, theugh they may not die of the disease. 
Hats, which usually sufl'er from plague before epi¬ 
demics occur among men, thus convey infection from 
..place to place and from port to p8rt. 

Preventive mcasurce*, therefore, include the 
removal of favouring conditions such as filth, polluted 
soil, vermin, uncleanliness, and overcrowding; the 
evacuation and vigorous disinfection of infected 
houses, burning as much as possible; early diagnosis, 
notification of cases, temporary isolation and observa¬ 
tion of “contacts”; the production of artificial im¬ 
munity by means of inoculation with Haffkine’s pro 
phylactic; and the extermination of rats, particularly 
from occupied buildings, and rendering such dwellirrgs 
rat-proof. ThG destruction of rats may be acoont- 
plished by various rat traps.,artd poisons (phosphorus, 
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arsenic, l)aoterial virus, etc.), and on boai-d ship also 
by pumping OOj or SO 3 under pressure. 

In 1910 the L.O.B. issued Regulations requiring 
the S.A. of any district where there was an unusual 
mortality among rats to report to the Board and 
to take measures for the destiuction of rats, for 
removing all harbourage for rats, and for pcpventing 
their entrance into buildings. In 1911 the Port of 
London Authority issued bye-laws for the prevention 
of an outbreak of plague amongst rats at the docks. 
Demi bodies of rats should be burnt or bui'ied deeply. 

Malabiai. Diskases 

These may conveniently be considered as a single 
group, although they inclmle many varieties that have 
received specific names. All have a characteristic 
tendency to periodicity in the course which the 
symptoms follow, and this peculiarity is made the 
basis of a broad subdivision into intermittent and 
remittent tyi)e 8 of fever, the fonner being the less 
severe. 

Intermittent fever or ague is further subdivided 
into quotidian, tertian, and quartan varieties, according 
to the length of interval between the attacks, which 
may occur daily, every second day, or every third^ 
day. Each atlhck is marked by a cold, a hot, and 
a sweating stage; but the tenqierature in the intervals 
always becomes normal. Of these sub-varieties, quo¬ 
tidian ague, with daily attacks, is the most severe, has 
the longest hot stage and the shortest cold stage, and 
approaches the most closely to the remittent type. 

In remittent fcveia there are one or two exacerba¬ 
tions every day, but the temperature during the 
intervals does not subside to the normal level, nor do 
the constitutional symptoms entirely disappear. The 
cold stage is very short and the hot stage protracted. 
Remittent fevers are met with principally in tropical 
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regions, but are endemic in many marshy districts in 
Southern Europe, and occasionally spread as far north 
as the Baltic. 

Qenerai conditions. —As the intensity of the endemic or 
epidemic prevalence diminishes, the indiwual cases tend to 
Msnme more and more the intermittent type. Broadly speak¬ 
ing, the tendency to malaria increases with the conditions 
favouring^ the prasenee and increase of the malaria-bearing 
sj>eoies of mosquito. A diurnal high range of temperature is 
one such condition; atmospheric humidity is another. Mois¬ 
ture of the upper i«ii of the soil is an almost invariable con¬ 
dition of malarious districts, and the effect has been said to be 
heightened by a slight superficial drying. Clay soils, which 
retain moisture, are among the worst, but chalk or sand or 
other poroua soil may become higMy malarious if from any 
canse the subsoil water is high. J&laiious soils almost always 
contoin decomposing vegotabie matter in neater or less quantity. 
In some districts heavy rainfall, especially after long heat and 
drought, is generally followed by outbreaks of malaria, and irri- 
Mtion has a similar tendency. They cease to be malarious when 
Uie ground is either cmnpletely flooded or dried—temporarily or 
permanently—by drainage and extensive planting (e.g. with 
Suealyptut oloMut). As regards the surface, the prevalence 
of m^aria aecr^ses with the elevktion, other things being 
equal, and if there be a sufficient lowering of temperature, 
lugh ^und is the most healthy, but exception must be 
Dume in r(»pect of spurs of hills and depressions even at 
high levels, and more particularly of ravines. Among other 
causes condurive to malaria are abandonment of cultivation, or, 
on the other hand, the breaking-up of flew ground, excai^tion, 
br cutting down trees. Podor concludes from ob^rvations at 
Pesth that only the superficial layers of the soil are concerned 
in producing conditions favourable to malaria. 

Such being tiie general characteristics of malarious districts 
as regards climate and soil, it must next be pointed out that 
they are in themselves inad^uste to produce mahuria, and also 
that some of them are entir^y wanting in highly malarious 
localities. Malarm is unknown, for example, in many parts of 
Ireland, in the Bermudas, and the Pampas ot Soutii America, 
w^re the physical conditions would a priori appear to be 
highly favourable. On the other hand, some of the malarious 
districts in the Deocan and Mysore are steep mountain slopes, 
and many otbera in India and elsewhere are equally me 
from moirture of the soil Instances are common in whioh dis« 
triots, previously healthy, becom^ ttfnporarily or permanently 
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malsrioua without apparent chann in their phyaical oondi- 
tiona. Malaria hoing a specific disease, the presence of a 
specific organism is necessary, and the conditions shoro 
described aro to be regarded merely as more or less faronrable 
to its growth and to it» dissemination by mosquitoes, and 
especially the latter. 

The malaria parasite being a blood parasite, the priman 
effect of its presence is manifested in the blood, and as a result 
the disease is characterized by oligocythiemia, marhad diminu¬ 
tion (10-50 per cont.) of haemoglobin, anmmia, etc.; the spleen 
is enlarged and pigmentation occurs. The three pathogno¬ 
monic signs of malaria are tertian and quartan periodicity, the 
e9eot of quinine, and the microscopic examination of the flood. 

Gtiology of malaria. —In 1880 Laveran first 
discovered and described parasites in the blood-cells 
of malarial patients, and on further investigation it 
was soon found that these assumed many different 
forms. These differences depend upon the kind of 
fever and the stage of fever. The reasons for believing 
that Laveran’s bodies—though they have not yet 
been cultivated outside the human body—are the 
specific cause of malaria aixi {a) that the parasites 
found in the blood of malarial patients of all countries 
are the same, and such parasites are not found in 
healthy persons; (6) that their development ftilly 
accounts for the production of the raelausmia and 
malarial pigmentations of viscera owing to the 
melanin-forming property of the parasite; (c) thaf 
the phases in the development of such pararites 
correspond with the clinical course of malaria (Qolgi ); 
(d) that quinine, which cures malaria, kills the para¬ 
site ; and («) that malaria can be conveyed by the 
introduction of this parasite into the blood of man, 
and the parasite reappears in the blood of the in¬ 
dividual so inoculated. Laveran’s bodies have been 
variously classified as knowledge of them has grown. 
It is now agreed that these parasites belong to the 
Sporotoa, to the order ef Hamocytozoa, and to the 
genus of BamamuAa. 
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The malarial parasite as regards man lias at least 
three stages—an intrctcorporeal stage, a latent stage 



Pis. 69.-^elieiu« •howins the honten end mosqnito oycics of the meler^* 
pemeitc. Modified from Bleaobard'e diafirem illuetratioa the iif^ 
eyolc of GodddiuiQ lobobei^i. (Froiu ihf jVuwM’r of thfi 

** Practitioner," March, 1001.) 

A, Normal rrdcelh b,o, d, k. r«d cells coiitalninar Amtsbulseor mysopods) f, o. 
H, sporooytps; I. youQir nin toeyte; j'.k'.lCh'. microgiuaetncytesorniale 
gametes; J", K", V, a", o. maentgametneytes or fpmnte gametes j 5', 
mlerngameiea; p.traveliiMgrermicule; (j.yoang tygoie; r, a.sygotomeres; 

' T, hlastopbore; o. mature zygote. 

(also intracorjlbreal), and an extracorporeal stage (in 
the mosqnito). (Fig. 69.) ^The parasites gain access 
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to the blood-corpuscles, iu which they develop, pro¬ 
ducing spnrocyles, which, on the rupture of the 
corpuscle, become free in the blood and attack other 
corpuscles passing through the same changes (the 
cycle of Orolgi), and resulting in a fresh generation of 
spores. The exact characters and changes of the 
parasite, however, depend partly upon the* form of 
disease (quartan, or benign tertian, or maligmant 
quotidian, i.e. 24-, 43-, or 72-hour fevers), but much 
more so upon the imnuidiate needs of the parasite, 
that is to .say, whether the development is to bo in 
the human body only and asexual, or iu the mosquito 
and sexual. [Manson, Hoss, and others.) If it is to 
be the latter, exlrmorporeul, the amcebula does not 
sporulate in the corpuscle, but becomes a crescent¬ 
shaped body absorbing the corpuscle. These crescents, 
or gametes, are of two fornns, male and female, and 
are the first stage in the extracorporeal stage of the 
life-cycle, that is to say iu the moscjuito. The male 
gamete is a hyalin crescent or sphere which develops 
flagella (micrngametes) that are of the nature of s))erm- 
atozoa, and bi-eak off from the cell and become free in 
the blood' ingested by the mosquito (Fig. 70). The 
female orescent, or gamete, is a granular crescent or 
sphere (macrogamete) which starts in the same way* 
as the male form, but becomes spherical and extrudes 
two polar bodies, receiving at the site of extrusion 
an impregnation by the free flagellum of the male 
cell. The result is a zygote, a travelling vermicule, 
which passes into the stomach wall of the mosquito 
and becomes encysted there, and eventually repro¬ 
duces spores or sporoxoita. About the twelfth day it 
bursts, discharging the reproductive elements into 
the body cavity of the mosquito, and these, passiing 
from thence, become accuipulated in the salivary, 
gland, and are thus in position to be injected into 
the blood of the next vertebrate bitten by the 
2h , 
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mosquito. In the human blood again they attack the 
corpuscles, and recommence the asexual life-cycle. 
As the aporocytea are the means of propagating the 
parasite in human blood, so the flagellated body 
(Fig. 70) and sexual cycle are the nleans of propaga¬ 
tion in the mosquito. The temporary disappearance 
of the parasite from the blood indicates a latent atage 
not fully understood. The different clinical types of 
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Fig. 70.—Malaria parasite: iagellated body and frea^awimming 
itiierogamate. 

malaria are associated with corresponding forms of 
parasite—the duration of their life-cycles in the 
body, their morphological characters, and the clinipal 
features to which they give rise. 

The species of mosquito which has been iAown to 
be tiler host of the malaria parasite is the Anophelea, 
the body of whiah is slim, the proboscis long and 
thick, tto palp* long, anj) the wing “dappled,” with 
dark spots on its anteridr Qa^^. It is a “ puddle- 
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breeding ” insect. The common mosquito, or Gulesc, 
has short palpi, thick body, thin proboscis, and un¬ 
spotted wings. It is a “pot-breeding” mosquito. 
Certain conditions are necessary for the multiplication 
of malarial mosquitoes, namely, high atmospheric tem¬ 
perature (75-104° F.), collections of water (fresh or 
brackish), and the presence in the breeding pools of 
low forms of animal and vegetable life. Many of the 
physical conditions hitherto cited as favourable to the 
disease are now seen to be favourable to the specific 
mosquito, and their relationship to malaria is thus, in 
part, explained. 

ilie prevention of malarin depends upon 
the fulfilment of four chief requirements: (1) The 
prevention of mosquito breeding by land-drainage, 
cultivation, and removal of collections of water; (2) 
the destruction of mosquitoes (Anopheles) and of 
their eggs, larvra, and nymphie; (3) mosquito pro¬ 
tection by nets, repellent drugs, house arrangements, 
etc. j and (4) the use of quinine (6 gr. daily). 

Relapsinq Fever 

This fever, known also as “famine fever,” or 
“bilious typhoid,” was first recognized clearly in 
Ireland in the eighteenth century, and still occurg 
there, although epidemics are not infrequent in Scot¬ 
land, England, Northern Europe, the Levant, India, 
and other Eastern countries. There is also an 
African type of. the disease. Epidemics of relapsing 
fever and typhus may coincide, or one follows the 
other closely, or sporadic cases of the one are observed 
during prevalence of the other. Neither climate nor 
weather has been found to influence relapsing fever in 
any marked degree, nor has it any apparent relaUdn 
to soil. Overcrowding and want of food are powerfiil 
predisposing causes, especially' the latter, which Mur- 
ohison thought was capable of originating the disOsM, 
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but many epidemics have occurred without noteworthy 
privation. The wealthier classes are almost exempt, 
and females are loss susceptible than males. Under 
favourable conditions it appears in districts tliat have 
long been free from it, and in mant suclt cases no 
history of imported infection can be made out. It 
has been •Suggested that the sjMicific agent in Europe 
may be conveyed by parasites, such as pediculi. 

The symptoms include rigor, vomiting, hy|)erpy- 
rexia, icterus, followed by apyrexia, apparent recovery, 
and then relapse which alternates with apparent re¬ 
covery. The disease is highly infectious, but appears 
to be capable of transport through th<i air for short dis¬ 
tances only, though it r<!adily attaches itself to fomites. 
A specific spirochete was discovered by Obermeicr (in 
1873) in the blood of j)atiouts during the febnle stage 
only,and inoculation with blood containing spirocluetes 
has been found to reproduce the disejise in men and 
monkeys. , It is probably communicated by the bite 
of a tick parasite (hence known as tick fever). The 
protection afforded by an attack is slight. Only about 
5 per cent, of the cas(;s termiimte fatally, but con¬ 
valescence is slow. 

JjKPROSY " 

Leprosy is a disease of great antiquity in Egypt, 
India, China, and Japan. The Biblical term “ leprosy ” 
doubtless included many forms of skin disease, and 
the same ambiguity attends most, if not all, of the 
other records of the disease in former ages. 

Leprosy has been especially confounded with syphilis and 
elephanti’isis arabiun, true leprosy beini^ sometimes termed 
elephantiasis graecorum. It probably made its appearance in 
Europe about the beginning of the Christian ora, and became 
widely diffused during the next eight or nine centuries. A 
farther increase ^attributed by some to the Crusades—took 
plaoe in the twelfth and thirteenth centuries, but in the 
fourteenth and fifteenth centurici it^gan to disappear, and at 
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the present time has vanished from Europe, with the exception 
of certain limited districts, more oapecially in Norway, Sweden, 
Finland, Spain, Portugal, and some parts of Italy, Greece, 
'rurkey, South Russia, and some of the Mediterranean islands, 
including Sicily and Cyprus. In India in 1901 there were 
10(5,000 lepers. Tt is prevalent in tho West Indies, the west 
coast of South Americji, Japan, China, and the greater part of 
Asia; most of tho islands in the Pacific, notably Hawaii; and 
in many parts of Africa. U is common in Moxicof and minor 
foci exist in Louisiana, New Briiiiawick, aud British Columbia. 
Special attention has recently been directed to its increase at 
the Oap('. Distrierts upon or near the coast are the ra(»8t fre¬ 
quent seats of endemic b'prosy. 

In England, special legislation was directed against leprosy 
in the tenth century, and lepor hospitals were cstablishe*! in 
the eleventh, twelfth, and thirteenth centuries in many of the 
larger towns. The last record of any extensive prevalence in 
England was at the end of tho seventeenth century, and it is 
now unknown except as a disease acquired abroad. 

Leprosy is diminishing in its few reinaining 
European centres, stationary in the West Indies, 
Demerara, South Africa, and some other countries, 
and spre^ing in the Sandwich Islands and New 
Caledonia. Chinese immigration is said to have 
introduced it into North Australia and British 
Columbia. 

General conditions.— Climate would appear to 
have little influence, since the geographical distribu^ 
tion is or has been almost world-wide, nor has any¬ 
thing been made out definitely in regard to more Iccal 
meteorological conditions. The effect of season, if any, 
cannot be ti*aced in a disease which begins insidiously 
and runs a protracted course. The gi'eater incidence 
upon coast i*egiou8 seems to give a clue to the etiology, 
but the disease prevails in elevated regions far re¬ 
moved from the sea. The use of fish, aud especially of 
decomposing fish, as a principal diet has been credited 
with contributing largely to the causation of leprosy 
{Hutchinacm). This view is supported mainly by the 
prevalence of the disease in littoral districts, but also 
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to some extent by its frequent appearance in now 
regions among Chinese settlers, whose skill in cookery 
enables them to make use of putrid fish, and lastly 
by its observed disappearance from certain districts 
whore fish diet ceased to be general.. On the other 
hand, there are many inland leprous regions in which 
fish is raje, or, as in Centi-al China, limited to the 
use of the wealthier classes. The disease has declined 
in many localities without any material change in diet, 
and, further, the vegetarian Brahmins are by no means 
exempt from leprosy. It would seem, therefore, that a 
fish dietary, if it has any etiological significance at all, 
is not operative in all cases. Another hypothesis is 
that deficiency of common salt in food is conducive 
to leprosy. Sanitary improvements in the habits and 
surroundings of the population have, in all probability, 
been chiefly instrumental in suppressing leprosy in 
England and elsewhere. Although never confin^ to 
the poorer classes, its incidence has been gi'eater upon 
those living*in filthy and unhygienic conditions. 

Nothing is known as to any relation with telliufic 
conditions, or transmission by water or air. Negroes, 
Hottentots, and Chinese are more aflected than white 
races living in the same localities. Males sufler in 
greater numbers than females, and among the very old 
and the very young the disease is of rare occurrence. 

Authorities are at variance as to the hereditary 
transmission of leprosy, and very little is known of 
the way in which the disease is ordinarily acquired. 
It is communicable by direct or indirect means, from 
the sick to the healthy, and there is no certain 
evidence of its arising or spreading in any other 
way. Hansen states that no .sign of leprosy had 
appeared among the descendants of 160 Norwegian 
lepers who settled i^ the Hnitefl States. Arning has 
proved it to be*inoculable, having successfully in> 
oculated a condemned convict. 
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Clinical cliBrncters.— The incubation period in 
Arning’s case was two years. It is believed to be 
very variable, extending over months or years, with or 
without premonitory symptoms. Three chief types are 
described—(o) the anaesthetic (or raaculo-ansesthetic), 
(6) the tubei’onlated or nodular, and (c) the mixed. The 
anaisthetic form causes a destruction of nerve-iibres, 
and non-sweating, ansesthetic skin patchesfwith or 
without pigmentation and bullm; the tuberculated 
chiefly aflects the skin, resulting in a nodular growth or 
difluse infiltration, lepromata, “ leontiasis,” and marked 
disfigurement. Mixed leprosy is dependent upon the 
specific de[>osit in skin and peripheral nerve trunks. 
The average duration is given as eight years in 
aniesthetic and sixteen in skin leprosy, but with wide 
variations. When the disease commences in early 
life, its duration is comparatively short. The result 
is almost always fatal, but it is stated that in Nor¬ 
way 38 oases were cured in the five years 1881-5; 
and Kauriu believes that, if the disease is localized, 
early amputation may sometimes permanently arrest 
it. According to Sand, leprosy may exhaust itself in 
thirty or forty years if the constitution is exception¬ 
ally strong. 

BacterloloKy.— The B. lepra (Fig. 71) was dis¬ 
covered by Hansen in 1874. It is present in enormous 
numbers in the skin and tissues, and has a form very 
similar to B. tvherevlosia. Spores have not been seen, 
but Neisser holds that this is the form in which the 
bacillus gains entrance to the body. The anange- 
ment in dumps and colonies inside the round cells is 
useful for diagnostic purposes. The bacilli are also 
found free in the lymphatics, inside connective tissue 
cells, in the walls of blood-vessels, in the lymphatic 
glands, and in the internal organs. Bordoni-TJflred- 
uzzi, Carrasquilla (1899), aiui Campana claim that 
they have isolated the bacillus and grown it on arti- 
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ficittl media, the two former aerobically on peptone- 
glyoerin-blood'serum, at 37*" C., and the last-named 
anaerobically. Cultivated bacteria from the organs 
of lepere, described rather later by Babes, and still 
more recently by Czajdewski, differ fiY)m tlie genuine 
bacillus of leprosy in their incomplete resistance to 
acids. There is little doubt that the disease is pro¬ 
duced by^liansen’s bacillus. Bordoni-Uffrcduzzi holds 


* Pi|. 71.'~~Btoilluis (eprc. x 1,000. {Uuir and HUckic.) 

that the bacillus has a saprophytic stage in its life- 
cycle. 

Hansen, Eblers, and others believe that the disease 
is spread by contagion ; Virchow held the reverse 
opinion. Besnier and Sticker consider the infection 
is conveyed in nasal secretion. The leprosy Com¬ 
mission in India (1890-1) reported that— 

(1) I/oprusy is a disease ml (jetm-ia: it is not a form of 
syphilis or tuhOTCiijusis, but Ims striking etiological analogies 
with the latter. (2) It is not inhwit^, and has a natural 
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tendency to die OTit. (3) I’hoiigh contogioiis and inocnlnblc, 
the extent to which it is propagattid by these means is exceed¬ 
ingly small. (4) It is not directly originated by the use of 
any particular article of food, nor by any climatic or telluric 
conditions, nor by insanitary surroundings, neither docs it 
peculiarly affect any race or caste. (5) It is indirectly in¬ 
fluenced by insanitary surroundings, such as poverty, bad food, 
or deficient drainage or ventilation, for these increase the 
susceptibility. s 

PrcvitnUvc iintasnres.— The practical sugges¬ 
tions of the Ooinmission for preventive treatment 
included voluntary isolation of the sick ; prohibition 
of the sale of articles of food by lepers; leper farms 
and orphanages; and “ improved sanitation and good 
dietetic cojiditions” generally. Serum-therapy has 
been attempted, but without success. Up to the 
present time no curative agent for leprosy has been 
found. 

In Norway, leper asylums were established in 1856, 
and the number of lepers is believed to have steadily 
declined. The isolation in these asylums is not rigid, 
but in Hawaii an island is set apart for the leper 
settlement, and the seclusion is practically lifelong. 
It seems clear that the infection is not acquired 
readily, if we take the ordinary infectious diseases as 
a standard, and there is some probability that even a 
partial segregation of lepers may have considerable 
influence in arresting the disease, assuming that its 
spread is d ue mainly to jmrsonal interoourse. The difli- 
culties of obtaining a tolerably complete isolation or 
even registration of lepers are, of course, very con¬ 
siderable. 

Undulant Fbvbr 

“ Malta fever” or “Mediterranean fever” is com¬ 
mon along the coast of the Mediterranean and in its 
islands, and occui-s elsewhere. It is a disease of long 
duration and variable symptoms, including remittent 
fever {/ebris undulans). Perspiration, pains, swelling 



532 TROPICAL DISEASES [chap. 

of joint®, enlargement of the spleen, etc., are among 
the common signs. The disease simulates typhoid 
fever. In 1887 Bruce cultivated from the spleen the 
Micrococcus vielitensis, a small, round, or slightly 
oval coccus, occurring singly, in paiijs, or in chains. 
It can be cultivated from the spleen, on agar at 
37° C. ; colonies appear about the third day as small, 
round, slightly raised growths; old ciUtures assume 
a bnfl' tint. The organism is present in the peri¬ 
pheral blood in all cases during the early stages of 
the disease, aud in severe pyrexial relapses. It has 
beeif isolated from the urine, and occurs in great 
abundance in the milk and urine of apparently 
healthy goats and cows. The disease is transmissible 
to man by the medium of milk from infected goats. 

Fellaora 

Is a widely distributed disease in Southern Europe 
and elsewhere, of long duration, characterized by a 
peculiar rash, not unlike a Revere sunburn, which 
appears on the face, round the neck, and on the back 
of the hands and feet. This eruption recurs each 
year at determinate seasons Ispring and autumn); 
it appears suddenly under the influence of exposure 
to sunlight, stands out some dUys, then fades off 
gradually, and is followed by long persistent desqua¬ 
mation and roughness of skin. Together with the 
eruption other symptoms appear. They are irregular 
fever, frequent fits of giddiness, debility, confusion 
of mind, salivation, scurvy, insomnia, pyrosis, and 
diarrhoea. These symptoms abate during the summer 
months and disappear almost entirely in winter, 
especially in early cases. They return with the rash 
each spring. After a period of progressive aggra¬ 
vation, which may last three, five, or thirty years, 
the patient bepomes leprotic, emaciated, pardy para¬ 
lysed, and entirely dement^, The disease affects 
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the agricultural classes almost exclusively. Until re- 
ceutly the disease was held to be due to the use 
of maize, which was believerl to convey. germs, 
toxins, or other poisons. Sambon has suggested 
that pellagra belongs to the protozoal group of 
diseases and is transmitted by sand-flies (Simidid(e) 
near infested streams. 



Trypanosomiasis 

Morbid conditions produced by try|)anosomata in 
man include chronic fever, skin eruptions, etc., of 
which deepiug sickness may bo regarded as the ter¬ 
minal stage. Trypanosoma infection is probably 
caused by the entrance into the 
blood, and thence into the cerebro¬ 
spinal fluid, of a species, Trypano- 
smm gambiense (p. 340), which is 
transmitted from the sick to the 
healthy by a tsetse-fly, Glossina 
pcUpalis (Fig. 72), and, apparently, 
by it alone. It has been demon¬ 
strated by experiment that not only 
were these flies, fed on sleeping- r j, 72 —xitae-Sy. 

sickness oases, capable of convey¬ 
ing the disease to healthy monkeys, but that frrahly 
caught flies from an infected area, without any artifioiat 
feeding, were also capable of conveying the disease. 
This fly, like its congener the tsetse-fly of Souldi 
Africa, is confined to well-defined areas, which corre¬ 
spond absolutely with the distribution of sleeping 
sickness; whereas, in regions where no Qlossvna 
palpalit is found, although other biting flies abound, 
there is no sleeping sickness. While a large percent¬ 
age of the inhabitants of the sleeping-sickness areas 
have the trypanosome in their blood, in not a single 
inhabitant of non-sleeping-sickness areas was this 
parasite found. Monkeys inoculated with cerebro-spinal 
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fluid from sleeping-sickiiesg patientg, or with blood 
from natives not as yet showing symptoms of sleeping 
sickness, but containing a similar parasite, sickened 
and died with all the symptoms of sleeping sickness. 
As in the case of ankylostoma, individuals may have 
this trypanosome in their blood and yet reveal no 
symptoms of the disease. A Portuguese Commission 
laid emphasis upon a diplostreptococcus which a 
number of observers have found to be present. 

The disease h.is s|ireud in the Congo region, 
Uganda, and northwanls along lines of communica¬ 
tion—^that is, rivers—and has lafconie a scourge in 
certain rkerine tribes. Clinically the early stage of 
sleeping sickness may be recognized by profound de¬ 
bility, irregular fever, papular and pustular eruptions, 
annular erythema, the enlargement of the cervical 
■ glands (polyadenitis), enlargement of tlio spleen, 
oedema, and certain pathological conditions of the 
blood, including lymphocytosis. Sleeping sickness, 
acute or* chronic, is the concluding stage before 
death. 

Dysp-ntekv 

Clinically, dyseuteiy takes various forms accord¬ 
ing to the chief character of the intestinal lesion, e.g. 
catarrhal, ulcerative, fulminating relapsing, recurring, 
chronic, gangrenous, hsemorrhagic. The leading symp¬ 
toms are griping, tenesmus, and muco-sanguiueous 
stools. Three factors are concerned in the production 
of the disease ; (a) influences that weaken the bowels, 
(b) specific germs or parasites, and (c) the ordinary 
bacteria of suppuration. Three types of dysentery 
are now recognized: (1) Endemic, amoebic, or proto¬ 
zoal dysentery, due to Aituebae (p. 3.S8), Balantidium 
coli, the Bilharzia, or the imrasites of kala-azar and 
malaria. Amcebic dysentery is now held to be caused 
by the Bnta'mad>ahystolytica. (2) Epidemic dysentery, 
due to Bacillut dysenteria (Shi*a or Flexner types) or 
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other liacteria. (3) Verminous dysoutery, sot up by 
Schistoaomata. The germs of dysentery are often 
water-borne, but may be conveyed by flies, dust, and 
liuman carriers. Loworod vitality is predisposing. 
Mott holds that “ asylum dysentery ” is identical with 
tropical dy.sentery. 

The disease is not confined to tropical ^ilimates. 
At one time it was “ one of the most prevalent and 
fatal diseases of London ” {liidy). It is believed to 
be influenced by season and soil, autumn and polluted 
subsoil favouring its occurrence, though personal pre¬ 
disposing conditions doubtless play an important part. 
From a sanitary point of .view, water supply, dietary, 
and uucleanliness are the conditions into which in¬ 
quiry should be made. It is probable that the excreta 
serve as one of the chief media of infection, and they 
should therefore b<! disinfected. Apart from institu¬ 
tional outbreaks (e.g. asylum dysentery), dysentery is 
a comparatively rare disease in this country. 

Beri-ueri 

Is endemic in Western India, in the Indian Archi¬ 
pelago, China, and Japan. It is mostly confined to the 
working classes, and is said to be due to an organism 
or mould mixed with or infecting stale white rice, or 
to over-milled rice which has lost its pericarp and is 
thus deficient in phosphoms. Others consider it a 
“ place disease ” or a “ disease of deficiency,” and 
Durham holds that it is more a “ gang ” or “ institu¬ 
tional ” disease. It is a kind of communicable scurvy 
of the tropics, afl'ecting the underfed, and is character¬ 
ized by weakness, partial paraplegia, dropsical disten¬ 
sion of the abdomen, limbs, and face, and many of 
the features of alcoholic neuritis. The disease may 
be communicated from person to person directly or 
through fomite.s, or it may be due to community of 
deficient diet. 
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Is characterized by pyrexia following a rigor, bilious vomiting, 
icterus, hemoglobinuria, and freouently suppression of urine. 
The distribution is wide and endemicity is limited to low, 
swampy grounds. The etiology Is not yet determined. There 
are tnree theories, attributing it respe^ftively to malaria, 
quinine, and lucmoprotozoa. 

f Kala-azar (Burdwan Fkveu) 

This is a chronic infective disease with irregular fever, 
enlargement of spleen, antemia, and 
the presence of ** Leishman bodies,” 
a species of JJerpetomonas (Fig. 73). 
An epidemic occurred in Assam in 
1870, and various sporadic cases 
have been described. Oriental sore 
(Delhi boil) may be due to the 
same cause. 

Bbnoub 

This disease was first recognized during outbreaks In 
Farther India in 1824, and in tho West Indies, Illoxico, 
and the Southern States in 1827-8. Dengue resembles in* 
fiuonza in the intensity of its epidemics, which often affect 
almost e^ery person in a town. It spreads mainly along lines 
of traffic. Even in tropical countries its prevalence is greatest 
in the hot season, and elsewhere it occurs only in summer and 
autumn, and in years of high temperatures. It affects mari¬ 
time towns, and rarely spreads inland. Low-lying, filthy and 
overcrowded quarters are the first to be attacked. After a 
short incubation of two to four day^ the onset is sudden, with 
'rigors, pyrexia, and acute pains and tenderness in the small 
joints of the hand and feet. Very soon the largo joints become 
affected, then the bones and muscles, and the head and back. 
A transient erythema appears at this stage in Imlf tilie cases. 
Li one or two days a remission or intermission of all the 
symptoms occurs after profuse sweats having a pungent odour, 
but after a short intervali the s^ptoms return in a moffified 
degree, often accompanied by glanduhtr swellings, and a rube* 
oloufl rash, which as a rule consists of irregular red elevated 
spots. The second febrile stage |>asse8 off in three or four (Uys 
at longest, and slow desquamation and oonvalescenoe follow. 
Dengue it fatal only in debilitated penons, or in the ve^ 
young or old. Jn home epidemics the disease has apparently 
attacked cattle, dofp^ and oats. It is believed to M caueed 
by a germ or amceba conveyed by teosquitoes. 



Fig. 73.—Kala*az«r para- 
rites from the spleeo. 



CHAPTER XV 

PREVENTION OF Il^FECTIOUS dAeASES 

In the preceding chapters reference has been made to 
the various means by which specific and other diseases 
are disseminated or checked. It remains to consider 
the powers and duties of the Sanitary Authority 
(S.A.) and of the Medical Ofiicer of Health (K.O.K.) 
in relation to preventable diseases, and especially 
infections diseases. All infections diseases may be 
said to be preventable, but not all are amenable to 
the preventive measures which at present can be 
enforced by the most active sanitary administration. 
Smallpox and rabies may be taken as types of 
specific diseases which can be and ought to be sup¬ 
pressed, and are now, as a matter of fact, limited to 
such persons and such populations as do not choose 
to adopt the measures which reiterated experience 
has shown to afford safety. Measles and whooping- 
cough, on the other hand, although strictly speaking 
preventable diseases, always dependent (so far as we 
know) upon direct or indirect infection from other 
cases, have not yet been brought under control No 
prophylaxis has been discovered, and, as infants are 
especially liable, the susceptibility of the population is 
speedily renewed, even after an outbreak. Isolation 
and disinfection are theoretically capable of arresting 
the spread of these diseases if applied in every case 
and at the commencement of the infectious stage, but 
in practice this can scarcely be accomplished at 
present, fbr reasons that will be stated later. 

Scarlet fever, diphtheria, and enteric feV^r are 

m 
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examples of a dilferent class. Tliey are not entirely 
dependent upon infection from i)erson to person, but 
are affected by a variety of conditions of which every 
year brings us fuller knowledge. Some of these con¬ 
ditions, including personal inf<H!tion," infection from 
lower animals (by consumption of milk or flesh, or in 
other wa{'s), and infection by drinking-water, are more 
or less under our control. So, too, are the various 
“ insiinitary conditions ” which conduce to the spread 
and malignancy of specific diseases, and telluric condi¬ 
tions also are to a great extent remediable. Ex¬ 
perience has shown that, if carried out thoroughly, 
isolation, disinfection, and quarantine can very 
greatly reduce the incidence of these diseases, but 
there is always danger from unrecognized cases, 
from the early stages of the disease before tlie 
diagnosis is made, from importation of infection, 
and from accidental or wilful neglect of precautions. 
It must also be remembered that there may be 
modes of infection in these diseases at present un¬ 
known to us, and this is especially probable in respect 
to diphtheria. By way of summary it may bo said 
that, in addition to improved sanitation, the chief 
means of prevention are (a) notification, (i) isola¬ 
tion and quarantine, (c) disinfection, (d) prophylactic 
inoculation (vaccines and antitoxins), and (e) the 
adoption of special measures in particular diseases. 

Compulsory notification of certain infec¬ 
tious diseases rests in London upon the Public 
Health (London) Act, 1891, and elsewhere upon 
the Infectious Diseases (Notification) Act of 1889, 
as amended by the Infections Diseases (Notifica¬ 
tion) Extension Act of 1899 (which also enables 
any S,A. with the sanction of the to add 

temporarily or otherwise other infectious diseases 
to those scheduled in the Act). From time to time 
the issues special RE|pihttions and Orders for 



XV] COMPUIiSOR'V NOTIFICATION 629 


the notification of atiditional diseases. At the time of 
writing (1917) the notifiable diseases are smallpox, 
cholera, diphtheria, membranous croup, erysipelas, 
scarlet fever, typhu.s, enteric fever, relapsing fever, 
continued fever,’puerperal fever, all forms of tuber¬ 
culosis, cerebro-spinal fever, acute poliomyelitis, 
ophthalmia neonatorum,* and measles (including 
German measlea).] The inclusion of membranous 
croup in the list tends to make the reporting of 
diphtheria more complete, and “ continued fever ” 
covers obscure cases of enteric fever, or possibly 
typhus. A large number of trivial cases are reported 
as erysiiielas, but the disease has practical importance 
in connexion with vaccination and jmerperal fever. 
Doubt having arisen as to the meaning to be attached 
to “ puerperal fever,” the Royal College of Physicians 
expressed tho opinion that it should bo understood 
to include “ septicKinia, pyteinia, septic peritonitis, 
se|)tic metritis, and other septic inflammations in the 
pelrds occurring as the direct result of childbirth.” 

Certain minor disea.ses, such as chickenpox, may 
be made notifiable temporarily or otherwise in order 
to ensure detection of more serious complaints such 
as smallpox. In 1908 the L G.B. approved of the 
extension of the Notification Act, 1899, to glanders,, 
anthrax, and hydrophobia in man, in areas where 
these diseases were prevalent. In times of imported 
epidemic, plague, cholera, or yellow fever would be 
temporarily notifiable. 

Forma of certificate are supplied toevery pi-actitioner 
practising in the district, and a fee of Is. is paid to 
him for each certificate regarding a private patient and 
Is. for each case in public practice. “Every medical 
practitioner attending on, or called in to visit, the 

* Duty of nptillcation placed on midwife aa well as on medical 
practitioner. 

t Doty of notifleattOQ placed on parent or [gnordfan as well as on 
medical practitioner. 

2i 
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patient sLall farthjoitJi^ on becoming awaro that the 
patient is suffering from an infectious disease to which 
this Act applies, send to the M.O«Kt for the district 
a certificate stating the name of ^he patient, the 
situation of the building, and the infectious disease 
from which, in the opinion of such medical practitioner, 
the patie^nt is suffering.’^ The penalty for default is a 
fine not exceeding iOs. Under the same penalty the 
householder is compelled to notify, but in a less formal 
way, and without receiving any fee. The Act applies 
to *“ every ship, vessel, boat, tent, van, shed, or 
similar structure used for human habitation,” but 
not to wy hospital in which persons sufiering 
from an infectious disease are received.” It gives 
no power of compulsory removal of patient to 
hospital, nor even power of entering upon the pre¬ 
mises for the purpose of making inquiries, but it is 
very rarely that any difficulty is met with in the 
latter respect. 

Among the advantages to be derived by the M.O.H. 
from compulsory notificaHon are the following:— 

1. Early and complete knowledge of all the oases of noti¬ 
fiable disease, and thus of the whole prevalence and distribntioa 
in the district. Death-returns giv^only a small fraction of 

•the oases, and after an interval of many days or weeks. 

2. Power to exercise such supervision as may be necessary 
over every case during its whole course, and to enforce due 
observance of the provisions of the Public Health Ant as 
regards isolation and disinfection. This has special importance 
in connexion with outbreaks of scarlet fever, diphtheria, or 
enteric fever in dairies, schools, etc. 

3. Opportunity of offering, and in some cases oompelling 

p. 596), removal to hospital in every suitable case, unless 

the SA. has failed to provide hospital accommodation. 
Vaoctnation can bo offered, is rarely refused, in house¬ 
holds invaded by smallpox. 

4. OpMrinnity to detect and supervise contacts ” and 
“canime.** 

5. Opportunity nf investigating^the sanitary conditions of 



xy] COMPULSORY NOTIFICATION 631 

\ 

all hoQBefaolda in which cases of enteric fever, or diphtheria, or 
otW notified disease may occur. 

8. Power to control the spread of infection through sohoois 
or other centr(», by excluding members of infected households. 

7. Means of detecting at once any suspicious grouping of 
cases around schools, milk supplies, water supplies, or other 
common foci. A comparison of the data obtained by the 
routine inquiries into each notified case will at once i€y^! this, 
although there may be nothing in any single case to arouse 
the suspicions of the friends or of the medical attendant. 

^otificationB for 1916.—During 1916 the total number of 
cases of the chief notifiable diseases in England and Wales, 
including cases in ports but excluding cases among sailors and 
soldiers, was as follows :— 


England and Wales, 1916. 


DIseaHA. 



No. of eases 

Rate per 1,000 
of . 
population. 




notified. 

Tuberculosis (pulmonaiy) . 



79,479 

2-10 

„ (other forms) 



28,777 

0-69 

.... 



140 

0-00 

Typhus fever .... 



4 

0-00 

Scarlet fever .... 



75,722 

219 

Diphtheria .... 



51,707 

1‘60 

Enteric fever .... 



6,664 

82 

016 

Continued fever 



0-00 

Relapsine fever 

Puerperal fever 



1,990 

0-06 

Erysipelas .... 



18,510 

0*54 

CcrebrO'SpiDal fever 
I^liomyeiitis .... 



' 1,806 

0*04 



689 

0'02 

Cholera. 




_ 

Plague. 



12 

0*00 

Oplifhalniis neonatoruiii 



7,618 

9*69* 

Ifoaslei and Qennan measles . 



848,090 

10-00 


* Rate per 1,000 births. 


In a number of towns it has been found possible, 
with the aid of notification, to isolate in hospital all the 
cases of smallpox, and three-quarters, or more, of the 
scarlet fever, and to establish a cordon of vaecinatioai 
around each new smallpox centre. 

Epidemic prevalence of disease is determined, by 
many causes, of which some are still unknown to us, 
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and others (including climatic conditions) are beyond 
human control. Nevertheless, the known and pre¬ 
ventable causes, such as the transmission of infection 
from person to person, or by means of milk, water, 
flies, etc., are factors of the utmost irnportance, and it 
is safe to aftirin that, however great or however small 
may be ^le total number of victims, the suppression 
of known and preventable favouring conditions renders 
the danger less than it would otherwise have been. 
Individuals may be saved, an<l widespread outbreaks 
delayed, restricted, or averted. 

Notiffcatlon of measles.— Among the disoasos re¬ 
cently mode notiHablo ore mcasl^ and German tncaales. 
It must be borne in mind that the utility of notification 
in measles is limited, for the following rosisons : (1) 
Medical advice is frequently not taken in mild forms of 
the disease. (2) It is hagoly a contact diseaso, which has no 
relation to water or milk snpplios, or to defects of dminago. 
(3) Thorn is no vaccinntion. Isolation, disinfection, and im* 
proved nussing nro, therefore, the, chief preventive measures 
which can bo brought to boar against moaslos, even if it ho 
possible to obtain complete notification. Isolation in the 
homes of the poor ie impracticable, and isolation in hospitals 
would entail a formidable addition to th«ir present size. Tho 
results of isolation also are less likely to be satisfactory in 
measles than in scarlet fever, and, ae, a very large proportion 
•pf the auflorers are infants, there would be great reluctance 
on the part of parents to consent to removal. (4) Infection 
begins generally at least throe days before the rash appears. 
(5) There is a long incubation pf^riod, which adds to the 
difficulty. (6) Lastly, measles is often so widespread that 
few susceptible children among the working-classes escape, 
and measures of prevention involve very compreheiwive under¬ 
takings. 

On the other hand, valuable Information is derived from 
notification of measles, and from this point of view its in¬ 
clusion in the schedule of notified diseases is important. Even 
an incomplete notification is invaluable in rendering possible 
early control over sohool-infoction; further, hospital illation 
of measles would no longer appear impracticable if epidemics 
were not allowed to proceed unchecked; and, lastly, notifi¬ 
cation of measles brings to^i^t miuiy cases of s^let 
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fever which, in the absence of any medical control, are re¬ 
garded by the parents as “ only mensles.*' This last argument 
applies also to the notification of Rutholn and of chickenpox. 

Public Health (Tuberculosis) Regulations, 191a 
(repealing similar Regulations issued in 1908-U), pi'ovide for 
the notiticatioii within forty-eight hoiu's of all forms of tuber¬ 
culosis to the local Weekly lists of children suffer¬ 

ing from this disease must bu sent by the school medical 
inspector to the local and similar lilts by the 

inedi(»l ufGicov of a poor-biw institution of patients so suffering 
admitted or discharged. Notilicnlion must not be made on a 
diagnosis derived solely from tuWculin tests. Every local 

H. O.H. must keep a register of full particulars of such 
notification, and furnish the M.O.H. of the county weekly 
with a list of such notifications. The duty of investigation 
of the source of infection and providing means of prevention 
is also included, and power is given to a local Autiiority to 
assist III dical practitioners in diagnosis and prevention. 

Public Health (Ophthalmia Neonatorum) Regula¬ 
tions, 1914, provide for the notification of this disease % the 
medical priictitioTier (with name and address of parent or 
guardian and the date of onset of the disease) or the certified 
midwife. In 70 per cent, of the cases of ophthalmia neo¬ 
natorum tho infection is duo to the gonococcus, contracted 
during partuiitionor by subsm^uentinfection from tho mother.' 
Suppuration and ulceration of the cornea may follow. In 

I, 100 cases of blindness examined by Harman, 24 per cent, 
were duo to gonorvhu>al ophthalmia. 

Investigation of epidemic disease.- Sys¬ 
tem, method, and thorotighness are necessary in epi¬ 
demiological inquiries, and it is e.sseutial to attack 
problems of disease in an organized way—genoiitl, 
particular, and jwrsonal (local registers). 

1 . General inquiry will follow well-recognized 
lines : 

(а) General sanitary conditions, circumatanoes, 
and topography of the urea. This includes the 
essential facts of housing, water supply, drainage 
and sewerage, refuse disposal, cowsheds, dairies, and 
slaughter-houses, food supply, schools, industries, etc. 

(б) Local sanitary administration sta6f facilities 
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and accommodation for preventive medicine, local 
Acts, bye-laws and regulations. 

(c) Brief history of epidemic and endemic disease 
in area, sickness- and mortality-rates, 

{d) Investigation of particular, outbreak — its 
history, incidence, character, channels of infection, 
causation, bacteriological and chemical reports, and 
observations as to contacts and carriers. 

(e) Measurts taken or proposed—notification, 
isolation, disinfection, special measures. 

2. Particular Inquiry. —The Regulations of the 
L.O.B. i-equire that upon receiving information of a^ 
outbreak pf dangerous infectious disease the K.O.S. 
shall at once make full inquiries, and adopt such pre¬ 
cautionary measui'es as he may consider requisite. 
The necessary inquiries and investigations are simpli¬ 
fied and made more systematic by the use of printed 
forms with spaces for the insertion of the details for 
each notifiable disease. Those used for scarlet fever, 
enteric faver, and diphtheria should give prominence 
to the details of milk supply and other channels of 
infection. 

The following inquiries should he made in all cases:— 

1. Patient. —Addres^ name, sei, ago, date of onset, date of 
rash, present and past isolation, probable source of infection, 
*«cen{ contact with infected persons or things. 

l.'KeuuhM (including patient).—Sex and age of each 
inmate, susceptibility (as shown by history as to previous 
attack), date of previous attack (if any), occupation, place of 
work or school, and date of last attendance thereat, 

3. Work or husineee carried on in the houae. 

1. Water eupply and miUt euppty. 

5. Sanitary condition of premises and surroundings. 

6. Preoioue caeca of the disease, or of conditions allied to it 
or simulating it in the home or in the vicinity, or at the school 
or wor^lace, 

7. Poaaible aoureea of infeeiian.—{l) Visits) (2) visitors) 
(8) place of work j ■ (4) food, milk, ice cream, sheltfleh, 
watercress, etc.-f-wlptt, when, where purchased, condition) 
(5) water) (8) previous cates of stck headache, sore throat, 
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or dlarrhcea in tihe houso or neighbourhood; (7) Bchool» 
including Sundays; (8) drain nuisances, at or near house; 
(9) tailoring, washing, manifling; (10) contacts or carriers; 
(11) animals and insets; (12) social habits and practices. 

In dealing with an outbreak o( smallpox, further inquiry 
must be made regarding the condition of each individual as to 
vaccination and reVaccination, noting the dates. 

In enteric and diphtheria cas^ note should be taken of the 
previous state of health of the patient, the duration of his 
residence in the house, and the occurronce of siky sickness 
among domestic animals. 

The precautionary measures to be enjoined, and if necessary 
enforced, will vary with the nature of the disease and the 
circumstances of each individual case. 


3. Local registers of sickness.—From the report 
sheets more important details can he entered in regis> 
ters, a process which involves very little cost of 
trouble and time, and gives a comprehensive view of the 
facts that cannot bo attained in any other way. Each 
disease should have its separote register, the columns 
of which may be headed as follows;— 


No. 

District. 

Address. 

Name of patient. 

Occupation. 

Sex. 

Age. 

Date of onset. 

„ „ notification. 

„ „ receipt of ditto, 
t, „ removal to hospital, 
n „ disinfection. 

Kosult, and date of recover 
or death. 


I Place of work or school. 

I Date of kst attendance at 
' ditto. 

: Milk supply. 

Water supply. 

; Sanitary notes. 

Beferonoe to other coses. 

I Other cases in hotuehold. 

I Medical attendant. ■ ’ 

! General notes, as to ore- 
i cautions, hutory, etc. 
j (Vaednation: date and con* 
dition.) 


If Buoh registers are kept systematically, any si^ 
pioious grouping of cases in any given locality, or in 
connexion with any particular water 'supply, milk 
supply, school, or workplace, cannot fail to attract 
attention at once. , 

DlMiiae maps— MapH showing the distnbation 
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of disease accofding to locality can be readily prepai’ed 
from the information given in the report sheets or 
registers. A large-scale map is needed for crowded 
districts. Each disease being represented by a parti¬ 
cular colour, a spot of this colour, or a coloured 
pin is placed on every house invaded by the disease 
in question. Each map may serve for one or more 
diseases, Wut for a whole year’, or such shorter time 
as may be detei’niiued. 

Isolation of tlio patient.— Hospital isolation 
should be urged in all cases whore practicable, and can 
be ..enforced under the conditions specified in the 
Public Health Act, 1875, s. 124, and the Public 
Health (London) Act, 1891, S.S. 66 and 67. Much may 
be done by persuasion, by pointing out the benefit 
to be derived by the patient as regards nursing, food, 
and greatru’ liberty during convalescence, and by 
explaining the protracted course of the disease, the 
risk of infection, and the inconvenience or impossi¬ 
bility of maintaining due isolation at home. There will 
rarely be much difficulty in removing smalliwx cases. 

Failing removal to hospital, the arrangements for 
home isolation must be made as complete as pos¬ 
sible, but in an ordinary working-class household due 
isolation is usually impracticable. In large house¬ 
holds it may be possible to obtain complete isolation 
and to maintain it throughout the illness upon the 
lines indicated below. 

1. Arrangement of the sick-room. —The patient 
should be kept in one or two rooms, preferably 
at the top of the house, or in a detached wing, 
exclusively set apart for his use. A fire should be 
kept burning for the sake of free and effective venti¬ 
lation and destroying waste material, even when not 
required for heating purposes. No one except the 
persons in actjial charge of the patient should be 
allowed to enter the room. No one should leave the 
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room without washing hands and changing outer 
garments, or an adjoining room may be used for this 
purpose. No food should be taken out of the sick¬ 
room, nor any clothing or utensils, without previous 
disinfection. TJie “ barrier ” system of nursing infec¬ 
tious cases should be adopted (see p. 271). 

2. Dwinfeclion duriw/ the, illness .—Aj plentiful 
supply of l-in-1,000 mercuric chloride solution (or 
10-per-cent, carbolic solution) should be provided. 
Disinfection of excreta and secretions may be attempted 
by adding an equal bulk of the solution, which may 
with advantage be placed in the vessel before receiving 
the excreta. In enteric and cholera the evacuations 
should not be put in privies or places where they may 
infect others. Old linen should be used in place of 
pocket-handkerchiefs, and after use thrown into the 
iire. Linen, etc., r(i(|uiring washing should be placed 
in a large vessel filled with the disinfectant solu¬ 
tion ; such articles should subsequently be rinsed in 
water before washing, to remove the disinfectant All 
utensils should be similarly disinfected before leaving 
the room. 

3. Fhml disinfection at the end of the case. —(a) All 
linen, cotton, and silk articles which can be removed 
should be boiled for ten minutes, but exception maj 
be made in respect of certain dyed fabrics and other 
special articles; (b) all movable textile materials 
which cannot be boiled—including blankets and other 
woollen materials, beds, pillows, matti'esses (not, of 
course, spring mattresses), curtains, hangings, carpets, 
rugs, etc.—must be removed and disinfected by stwm; 
(c) the remaining articles must be laid as open as 
possible, and the room fumigated by sulphurous acid, 
formaldehyde, or chlorine; (dj all furniture and other 
movable articles should be taken out into the open air, 
and brushed, washed, or beaten; (e) the walls, ceiling,- 
floor, and all surfaces must be cleansed, sprayed, or 
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washed, special attention being given to orevioes and 
comers. It is an additional safeguard to strip oif the 
paper, and to limewash the ceiling and walla 

In the event of death taking place from an 
infectious disease, the body should as,soon as possible 
be placed in a coffin with chlorinated lime or other 
suitable. disinfectant, and should be buried (or 
cremated) with no longer delay than is necessary to 
allow the fact of death to be verified. Holding of 
“ wakes,” large funeral assemblages, and exposure of 
the corpse to visitor's are e.specially to Ire avoided, as 
is also borrowing of mourning dress for the occasion 
of the fuiveral. (See also L.O.B. Memorandum, 1905.) 

Disiitfection should always be carried out under 
the direction of the sanitary staff at the end of the 
case, but disinfectants may be supplied gratuitously by 
the 8 Jl. for use during the illness. Olothiug and all 
movable articles should either be boiled at home, or 
removed to a disinfecting station and treated by steam 
or hot air; rooms, and articles that cannot be removed, 
should be disinfected in the manner described. 

When the patient is removed to hospital the 
premises may be disinfected at once, but the occur¬ 
rence of any later case will, of coarse, necessitate a 
repetition of the process. •* 

Home cases offer more difficulty. The final dis¬ 
infection cannot usefully take place until after the end 
of the infectious stage, as determined by the written 
certificate of the medical attendant or the judgment of 
the X.O.S[> It is desirable, in order to prevent mis¬ 
understanding, to fix a minimum interval between 
onset and final disinfection, which in scarlet fever 
should not be less than six weeks, and to explain 
this and the reasons Lr it upon the printed notdoes 
left at the bousp. 

Sanitary defects must be remedied, and any clue 
or even snspioinn as to milker water infection must 
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be followed up at once. It may be neceaaary to com¬ 
municate with employera or other persons, if there is 
reason to anticipate neglect of due precautions against 
conveying infection. 

In outbrealis of smallpox it is necessary to pro¬ 
vide for immediate vaccination or revaccination, and 
to urge it not only upon the inmates of tl^ infected 
house, but also on all who have been in contact with 
the patient, and on his neighbours and fellow-workmen. 

<)aarantine, —If the patient is removed to 
hospital and disinfection properly carried out, it is 
only necessary to keep the household under observa¬ 
tion for the maximum period of incubation of the 
disease in question. If the case is treated at home, 
the household must be kept under a certain degree of 
quarantine until the last case has ceased to be infectious 
and the final disinfection has been completed. 

During the quarantine period no children from 
the house should be allowed to attend school, but 
this restriction may be relaxed if the case is one of 
enteric fever. The same exclusion should be insisted 
upon as regards certain occupations, notably milk 
traffic, nursing, washing, and businesses involving the 
handling of ^xid; and this is especially important 
when the work in question is carried on in the 
house. Tailoring and all forms of seamstress’s home¬ 
work should be forbidden. Strict injunctions should 
he given against admitting persons, especially children, 
into the infected house, but there is no power ^to 
enforce this bye-law, or to inflict punishment in case 
of default. Exposure of infected persons or articles 
in any public place is, however, dealt with under 
s. 126 of the Public Health Act, 1876,' and s. 68 of 
the London Act, 1891. As regards smallpox, the 
quarantine should be rigidly enforced, and no member 
of an infeoted household should be allowed to follow 
his business until the [wriod of danger is over, 
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Quarantine Table 




1‘eriod of 




•luaTaotint 



tHcuhalion 

r&^uired 
tifier latest 

Vnual of iit/eclion 


(in (layg). 

injection 
(in d«)/s). ^ 






Asiatic cliolcra . 


12 

Seven days from com plete ces- 




satioii of (UarrlKjea. Car- 
rier.'? occur. 

CiiickeiiiH>x . . 

10 to 10 

‘to 

When every scab has fulleu 



otr. 

Diphtheria. . . 

•J t«» 10 

12 

in 4 weeks, if no dtscliarKCS 




and no albumin, and ifliac* 
teriologicttl oxaiuination of 
iiusc and throut be nega* 
live. 

Krysipoias . . . 

3 to 10 

12 

Wlicn msh gone and desqua- 



liiiition ceased. 

Oeniiuii tiieasles 

7 to 18 

20 

Ill not loss than lOdavs from 

(Riitiiulli) 



appearance of rush. 

IntlueiizH . . . : 

1 to 1 

6 

In 3 days alter temperature 




lias liecomc normal, and all 
catarihal discharges have 




ccjwed. 

Measles .... 

10 U U 

10 

Ill not less than 2 weeks 

Mumps .... 

10 to 2 > 

24 

from appearance of rash. 

In not less than 8 weeks, 
and then only when 1 week 
has elapsed since subsi* 





donee of nil swelling. 

Plague .... 

•i to 8 

21 

In 1 month. 

l^icriwral fever . 

3 to r> 

_ 

When discharge stoiM. 

Scarlet fever . . 

3-5 (1-8) 

10 

When dcsciuamatiou, sore 



i. throat, and albuminuria 

«• 



disappear, hut never in less 
than 6 weeks. 

Smillpo.v . . . 

13 to 14 

10 

When every scab has dis* 



' apiKiared. 

Typhoid fever . 

7 to 21, 
usually 10 

23 

tndelinito (typhoid car* 


Tiers). 

Typhus .... 
whouping-cou^li. 

to 14 

6 to 14 

14 

After 4 weeks. 

7 to 14 

21 

In 5 weeks from commeuco 



ment, provided all charac¬ 
teristic HiMtfmodic cough 
and whooping have ceased 
for at least 2 weeks. 



Yellow fever . . 

3 to 6 

I."! 

— — 


In gome tcwms quarantine gtatioua are provided, 
and are ugualiy attaclied to d;be isolation hoepitals. 
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The sick person having boon removed to hospital, free 
lodging is offered to the rest of the household during 
the quarantine period, and meanwhile the house 
and its contents are thoroughly disinfected. This 
plan has been ^idopted in many towns in cases of 
smallpox, and its utility is obvious. 

In all these matters, and especially in thf removal 
of the patient to hospital, due consideration should 
be given to the opinion and fnlvice of the medical 
attendant by whom the case has been notified. 

Cautionai-y and advisory notices may be left at 
the house, explaining in simple language the pre¬ 
cautions that are necessary, and the penalties attending 
neglect of them. Such leaflets should include direc¬ 
tions as to isolation and disinfection, and instruction 
to report immediately any further cases. It is con¬ 
venient also to leave a post-caixl addressed to the 
K.O.H., to be signed by the medical attendant 
when, in his judgment, the period of infection is 
at an end, and final disinfection of the premises is 
needed. 

Quarantine, in the original sense, is not ob¬ 
served in this country. The special precautions 
directed against the importation of infection from 
abroad are those set forth in the L.G.B. Order of 
September 9th, 1907, summarized below. 

Regulations as to cholera, yellow fever, and 
plague. —The Customs Officer, who is the first to board 
the ship, must as far as possible ascertain whether it is 
“ infected ” or “ suspected,” and if he has reason to believe 
that it is, or that it bas come from an infected port, he must 
obtain from the master (or from the surgeon if there bo one) 
a written statement in prescribed form declaring the occur¬ 
rence or non-occurrence of cases or suspected cases during the 
voyage. If ho finds the ship to bo infected ho must order 
the master to anchor, and must give notice to the 8JL of 
the port at which the ship is about to call. 

If from such warning, or from other information,the 1I.O.H. 
has reason tC believe that any ship within the jurisdictioii of 
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his 8JL is “ infected or Biispeoted/’ he most forthwith visit 
and examine it; and may do ao if it comes from an infected 
port. If he finds that there is or has been a case (of one of the 
three diseases in question) on board, he must certify accord¬ 
ingly to the master, who is thereupon bound to moor in the 
place appointed. The M.O.H. must thefi examine every 
person on board, none being allowed to leave the ship until 
the examination is made. All who are found to be suffering 
from such oisease are to be removed to the hoimital or place 
provided by the 8»A.» if their condition admit of it, and must 
not leave such place until the 3£.O.H. certifies that they 
are free from the disease. If they cannot be removed, the ship 
remaina subject to the control of the without whose 

written consent the infected pomons cannot leave the ship. 
Persons certified by the M.O.H. to be sufiiering from an 
illness whidh ho suspects may prove to be one of the three, 
may be detained either on the ship or in some place provided 
by the 8.A.» for not more than two daya, in order that it 
may be ascertained whether thoir illness is or is not of the 
kind suspected. No person, not certified as above, is to be 
permitted to land, unless he satisfies the M.O.H. as to his 
name, place of destination, and address at such place; and the 
H.O.H. must give such names and addresses to the clerk of 
the 8.A., 7 ho must transmit them to the 8.A. of the dis¬ 
tricts in question. The M.O.H. must give directions and 
take such steps as may appear to him to be necessary for pre¬ 
venting the spread of infection, and the master of the ship 
must carry but sudi directions as are given to him. In the 
event of a case ending fatally on board, the master must, at 
the direction of the S.A., either burg the body at sea, pro¬ 
perly weighted, or deliver it to Uie S.A. for intorment. He 
must disinfect, and if necessary destroy, the clothing, bedding, 
and o^er articles of personal use liki^y to retain infection, 
which have been used oy infected persons; and disinfect the 
ship, and disinfect or destroy all articles therein probably 
infected, according to the directions of the M.O.H. If he 
believes the ship to be infected, or to come from an infected 
port, the 1C.O.H. may order the bilge water and water ballast 
to be pumped out before the ship enters dock; or may cause 
the water-ballast tanks to be sealed, if emptying them would 
endanger the ship. He may order all casks or tanks contain¬ 
ing dmking-water to be emptied and cleansed, on tbe'S.A* 
providing a proper sqypply. 

Where a vem is not infected, but has passengers on board 
who are In a filthy etherise unwholesome condition, the 
M.O.H. may certify to the inagtOT that In his opinion it is 
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desirable, with a view to checking the introdaction or spread 
of cholera, yellow fever, or plague, that no persons ^ould be 
allowed to hnd until they have satisfied him as to their names 
and places of destination, and addresses at such places. There* 
upon the same measures are to be adopted as in case of persons 
permitted to leave*an infected ship. 

The master of a ship “ infect^” with plague or “sus¬ 
pected ** of it shall, under the direction of the employ 

suitable means for the effectual destruction of rats.^ 'Hieeame 
applies to ships coming from plague>infectod ports, or those 
upon which there has been an unusual mortality among rats. 
In ships “infected*^ by yellow fever, or “suspected” of it, 
or which have come from parts infected with that disuse, the 
master shall effectually d^troy mosquitoes and their krvm 
to the satisfaction of the who shall certify the action 

taken. 

The master of an “ infected” or “suspected” ship must 
hoist at the mast-head a large ydlow und black flag, borne 
quarterly, when the ship is within three miles of the coast of 
England and Wales, and at night, at a height of not less than 
20 feet above the hull of the ship, a signal of three lights 
in triangular form, 6 ft. apart, the top light white and the two 
lights at the base red in colour. 

The expression “infected ship” means a ship which at the 
time of its arrival from a foreign port has on board a case of 
cholera, yellow fever, or pli^e, or which has had on board a 
case of cholera or plague within a period of seven days, or of 
yellow fever within a period of eighteen days, prior to that 
time. The expression “ suspected ship ” means a ship whidi 
has had on board during the voyage, or during the stay of the 
ship in the port of depa^nre, or in a port in the course of tlm 
voyage, a case of cholera, yellow fever, or plague, but which 
has not had on board a fresh case of cholera or plague witiiifi 
a period of seven days or of yellow fever within a period of 
eighteen days prior to the time of its arrival from a foreign port. 

The have from time to time issued and 

revoked Orders of a similar nature to the above, 
both for ships coming foreign anU for outward-bound 
and coasting ships, under powers conferred on the 
Board by the Public Health Acts 1876,1891,1896, 
and 1904. They also issue.^to K.O.B, of port and 
riparian 8JL concerned, periodical statements (wto, 
the ocourr^oe and distribution of cholera. . 



CHAPTER XVI 
DISINFECTION 

Disinfbction is the destruction of the specific 
virus upon which infection depends, and dismfectanl 
is eq*iivalent to bmterickk. It is, however, often 
loosely applied also to arUiseptm, that is, to sub¬ 
stances that arrest or impede the growth of microbes 
without destroying their vitality, and even to deodor- 
anta or reagents that destroy or mask the effluvia 
which are the frequent by-products of bacterial 
growth. 

It is probable that protracted exposure to air and 
direct sunlight (ultra-violet rays of white light) would 
ultimately'destroy most, if not all, pathogenic microbes, 
although under favourable conditions the virus of tuber¬ 
culosis and other transmissible diseases has Ireen known 
to retain its vitality for many years. It would seem 
also that mere diffusion in the atij^osphere may render 
^ virus inert. Spores of pathogenic bacilli would 
doubtless be among the most resistant to external 
agencies, but mechanical portability (influenced by 
the form of the microbe and the size, weight, and 
character of the material with which it was associ¬ 
ated), the dryness (or the reverse) of the air, the 
temperature, and the chemical effect of the atmos¬ 
pheric oxygen, are also possible factors, and it is at 
all events conceivable that a certain minimum “ dose ” 
of the virus is necessary for infection, so that mere 
dilution beyond a given point would render the virus 
harmless, even without destroying its vitality.. Accord¬ 
ing to Koch, mere drying (de||c(&tion) kills the cholera 
Hi 



DISINFECTION 


545 


baoilltts. In considering disinfection, therefore, it is 
necessary to bear in mind many factors other than 
tlic direct effect of disinfection upon the " naked ” 
and isolated bacillus. 

The complete disappeaiance, often for long periods, 
of measles and other infectious diseases from a district 
after a widespread epidemic is in itself a sufficient 
proof that an enormous amount of contagium does in 
•some way or other speedily become inert, apart from 
all attempts at disinfection and the exhaustion of 
available susceptible material. 

Mechanical removal of infection from rooms or 
garments is often an important adjunct to disinfection 
proper. Walls are stripped of paper, or scraped, op 
rabbed with dough (Esmarch’s method), or washed; 
floors are washed or swept; a strong current of air 
is sent through the room; garments aie washed or 
brushed or beaten, and hung out in the open air. 
As a rule, such measures, though effectual as far as 
they go, are in themselves incomplete safeguaids, since 
some portion of the vh-us may escape dislodgment, and 
there is no certainty as to the future harmlessness 
of the rest. 

Tnie disinfection—that is, destruction of germs— 
may be effected by heat or by chemical methods. It* 
should be added that it has been abundantly proved 
that cold (even the great cold of liquid air, —312“ F.) 
does not impair the vitality of organisms. 

Disinfection fey heat is the simplest and most 
thorough of all methods. With articles of small value, 
the safest plan is, of course, to bum them; but when 
this radical remedy is ina|q)licable, disinfection may 
usually be effected by exposure to moist or diy heat. 

Innumerable bacteriological experiments have 
shown that bacteria, and even spores of some bacilli, 
are destroyed by exposure to steam at a temperature 
of 212* F. for five miitntes, or to hot air at a tern- 
2j 
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jiei-atuie of 220-240° F. Less resistant organisms, 
for example micrococci or bacilli free from spores, 
are destroyed by hot air at 220° F. in an hour. 
Water at a temperature of 212° F.—that is, boiling 
water—is at least as efiScacious as steam. 

In practice the problem of disinfection is almost 
always cVimplicated by the fact that the virus is not 
exposed freely, but protected by organic matter or 
enclosed in garments, pillows, or even beds ; that is, 
in more or less bulky articles made of materials that 
have been selected for use as being -the worst con¬ 
ductors of heat.* It is found that eteam rapidly 
penetrates into the interior of such objects. The first 
portions condense, parting with their latent heat in so 
doing, and create a partial vacuum, so that successive 

* Wool and silkai'o the wannest materials used for rlothinff. Not only 
are they bad condnot-urs of heat, btit they absorb a considerable amount of 
moisture without Ifecomiiig tlainp. The watery vapour of perspiiiition is 
condensed, and Its latent heat rendered sensible, while the tenacity with 
which the tnoisturu U held prevents re>evaporation and chill. Linen and 
cotton are much better conductors of heat, and absorb little water. 
Perspiration readily ntakes them damp, and they are then chilly owing to 
evaporation. 

A brief note may be introduced here respecting the microscopic and 
chemical charactein of these materials. Uwl^r Ike microscope, wool fibres, 
like hair, are straight, imbrancherl, ami exhibit faint cross-markings and 
marginal indentations, due to the imbrication of the scales. Silk filaments 
have no such markings, and are strncturela^s except for occasional noiles. 
(Linen fibres have many nmles, with n^ed brandling lllamenls. Cotton 
fibres are fiat and twisted, without nodes or branches. The chemical 
reactions are shown in the following table:-' 


Beagent. 

Wool. 

Silk. 

Cotton. 

Linen. 

Potash or soda (hot i 
strong solution) . j 

Dissolves. 

Dissolves.. 

1 

Nil. 

Nil. 

Sulphuric acid . 

Nil. 

Dissolves 

slowly. 

Gelatinizes. 

Gelatinizes 

Nitrio (or picric)) 

Tunis 

Turns 

Nil. 

1 Nil. 

acid.f 

yellow. 

yellow. 

Zinc chloride (hot 1, 
strong solution) .) 

1 Nil. 

Dissolves. 

- 


Aumounm cuprate S 

1 




(solution of CuO > 

Swells. 

Dissolves. 

Dissolves. 

Dissolves 

iuNHs). . . J 

1 

a 


slowly. 
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supplies of steam follow continuously until a tempem- 
ture of at least 212° F. is attained at the centre. 
Di'y hot air, on the contrary, being dependent upon 
conduction, very slightly aided by convection, has no 
such power, andciit is practically impossible to raise 
the temperature at the centre of a bed or similar 
bulky object to 212° F. by dry heat witl^in any 
riasonable number of hours. Hot air moistened by 
steam is superior to dry hot air in pemdration, but 
not in germicidal pow(!r, and is far inferior to steam 
in both respects.* 

Another imj^rtant consideration is the eHect upon 
the colour and tc.xture of fabrics exposed to heat. 
Articles composed in paid, of fu.sible substances, such 
as glue or sealing-w.ax, are, of course, ruined by heat 
in any form. Steam is inadmissible for leather and 
furs, since it shiivels them up and renders them 
worthless; hot air merely makes them temporarily 
dry and brittle. With these exceptions, steam is less 
injurious than hot sir in almost all respects. Hew 
woollen goods, such as blankets and flannels, lose soma 
of their whiteness and fleeciuess by either process, but 
not more than in one or two ordinary washings. Silk 
and cotton are not injured by steam, nor by hot air 

* Under ordinary atmospheric pressure of 14 7 U>. to tlie square inch 
pure water boils at 212* P.; if the pressure bo doubled, at 240"; if trebled 1 
at 273°: these being the ti'niperatures nt which the vai>our tension vi 
stoain is equal to the given presauro. Further heating of water beyond 
ttin boiling-point at constant uresHiire (o.g. in tbo open air wliem the 
steam can escape freely) merely piodiices steam (“current steam”), the 
temperature of both water and steam remaining at the Imillug-imint 
corresponding to that pressui-e. Steam thus in contact with water, 
whether under pwissuro or not, Is “wet” or “siituiiitcd,” and if 
cooled, or if the pressure be Increased, it begins at once to condense 
to water again, If, however, it is further heated out of contact with 
water, it becomes “ dry ” or “ snperbeated,” and behaves as a permanent 
gas until such time as cooling or Increase of pressure brings it to the 
condensing point. 

Steam, In condensing to water, shrinks to T 5 *tnj 
gives oiriatent heat sufficient to raiae its temperature to SOO* F. There la 
corresponding expansion and absorption -of latent heat in conversion of 
boiling water into steam. At any given pressure the boiling-point of 
water containing salts in solution is slightly raised. 
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if the temperature is carefully regulated. Dyes 
are surprisingly little aflfeoted by either steam or 
hot air. 

The essentials in a steam disinfector are (1) that 
the steam under pressure (10-20 lb‘ per sq. in.) shall 
penetrate the article to be disinfect^; (2) that the 
temperdiure of the steam shall be 221-270° F.; 
(3) that an exposure of about 20 minutes shall be 
effective; (4) that all air in the. disinfecting uhamlxir 
shall be replaced by steam; and (5) that, after tlu^ 
steaming of the article, hot dry air can be passed into 
the chamber for drying purposes. The chief difficulty 
in steam apparatus is to prevent loss of heat, and 
condensation. This is overcome by surrounding the 
steam chamber with a “steam-jacket,” that is, by 
making the wall of the apparatus double, and admit¬ 
ting steam into the space iMtween the inner and 
outer casings. A door is provided at each end, one 
for the, reception of infected goods, and the other 
for removal of the goods after disinfection. The doois 
are steam-tight, and are fastened by strong 'serew- 
clamps. The articles to bo disinfected are placed in 
trays, or suspended from sliding racks. Steam dis¬ 
infection may be obtained hyjtigh preamre (or con- 
• fined) or low preaaure (or current) steam. Both arn 
effective, but the former is to be preferred. 

Wathingtm Lyon'a apparatm is oral in section, and is 
usnsUy worked with a pressure of 10-20 Ib. per sq. in. in 
the jacket and .5-10 lb. in the chamber, so that the steam in the 
latteris superheated, a farther precaution against condensation. 
The articles haring been introduced, and the doors closed and 
secured, steam is Srst sent into the jacket so as to heat the 
eontents of the chamber. Steam is next admitted into the 
chamber itself, and soon reaches the full pressure required. K 
is fonnd that penetration it more rapid ii the pressure is inter¬ 
mitted once or tssiee, which is r^ily effected by taming a 
cook. Ten to twenty minutes sufice for the penetration of 
even bulky objects, and at the end of that time the steam is 
allowed to escape from the chamber, the door is opened, and 
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the articles are removed. FurUier dxjing may be effected if 
necessary by leaving the door ajar for a few minutes, and 
exposing the articles to boat from the jacket. 

In Goddard^ Ma$tey, and WarMr*» apparaUu the lower 
pai-t of the jacket servos as the boiler, and the pressure in the 
chamber is the sam^^ m that in the jacket, usually about 20 lb., 
^0 that the steam is not superheated. After the articles are put 
in and the door closed, hot air is drawn through for 2 or 3 
minutes, and this is repeated after the 10 or 20'minutes’ 
tsxposuro to steam. 

The JEqmfex disin/eetor, upon the model of Gonoste and 
Herscher, largely used on the Continent, has no steam jacket, but 
is lagged, and hot-st^m pipes within the chambw serve to 
lessen condensation and dry the disinfected articles. The usual 
pressure is about 10 lb., and the steam u not superbeiited. 
Iliuro arc also the Ftlox and other reliable machines. 

Low-pressure steam—that is, steam under pressure only 
slightly, if at all, exceeding the atmospheric p^sure —wm 
found by Koch to be not inferior in germicidal power to 
steam at higher pressure In Van Overbeek do Meyer'$ aj/paraUte, 
in which the steam, generated at atm<Mpheric pressure in 
a jacket-boiler sun^unuing the chamber, passed in through 
an opening at the top, the temperature did not exceed 212^ F., 
but the n^ults were practically as good as those attainable 
with h%h progsuro. In Thresk^e eurreni steam d/tin/ecior a 
somewhat higher tempomture is obtained without pressure, by 
the use of a saline solution in place of plain water in the jacket- 
boiler. Scck*s is still simpler, the jacket l^ng dispensed with. 

All of these fal61 the necessary conditions—namely, 
rapidity of penetration, destruction of all organic life 
in the interior of bundles of moderate bulk without 
injury to fabrics, and, lastly, convenience in working. 
High pressure, intermitted, has perhaps some ad¬ 
vantage in rapidity of disinfection of exceptionally 
bulky articles; but for ordinary purposes the simpler 
and less costly low-pressure apparatus is almost equally 
good. Esmarch has cast doubt upon the germicidal 
efficiency of superheated steam. 

Hot*air dtsinfection apparatus labours under a three¬ 
fold diaadvanta^ as oomparra with steam. The avaiUblo 
iemperature and duration of exposure are limited by the 
^ndenoy to scorch the articles exposed: the penetfaiion of 
M is so slo^ that it Is practically impossible thorongUy to 
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diainfect objects of modomto thickness^ such as pillows; and, 
lastly, the germicidal effect of a given tomporature is far less 
with hot air than with stoam. The only advantage that can 
l>c claimed for hot air is timt leather and bound books aro not 
spoilod by it as they aro by steam. , 

The host ap{)aratus of this kind is Rannom'i, devised many 
yoai*8 ago. It (joiisists of a recfcingular cliamber of wood 
and iron|linod with uou-couducting material. Hot air mixed 
with the products of combustion passes into the chamber after 
being heated by a number of gas jots; the temperature of the 
hot blast is kept constant by an automatic moi’curial regulator, 
which controls the gas supply and can be set for any required 
teinpeyature. An outlet with a chimney is provided at the top 
of the chamber. The best working temperature is about 
255® t’., thU, being the highest that can be used for long 
]>eriods without danger of singeing cotton goods. Thermo¬ 
meters aro placed at the inlet and outlet. It is customary 
to expose articles to hot air at about 255® F. for two, four, 
or eight hours or more, according to their bulk, but, for 
I’oasons already slated, the ])enetrati<>n x>f heat is very limited. 
In 1 ‘egard to poactratioii, steam accomplishes in 20 minutes 
what hot-air disinfection secures in 4-6 hours. 

In dealing with leather tjoodn, fans, etc.y futmalin-vaporiza- 
tion may bemused (175" F., with formalin, 2 parts to 100 of a 
40-per-cont. solution); or they may bo disinfected by form¬ 
aldehyde N’apour or by hot air. 

It Is essential that iiuy apparatus for disinfection 
by heat should have doors at opposite ends, opening 
*into entirely separate rooms provided with separate 
entrances. One of these rooms should be strictly re¬ 
served for infected and the other for disinfected goods, 
and no articles should on any account be allowed to 
enter the latter room except through the stove, the 
object being, of course, to guai*d against the danger 
of re-infection of the purified articles. 

Cheinfeal dis^iiifcctlon has been sliQwn by the 
accurate experiments of Koch and others to be a matter 
of considerable difficulty, and comparatively few of 
the so-called disinfectants in common use prove to 
be really germicidal under the conditions of actual 
practice. A convenient but«sefere test is to expose 
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to the “ disinfectant,” for a definite period, threads 
which have been soaked in a cultivation containing 
anthrax spores and then dried. After the “ disin¬ 
fection,” cultivation or inoculation experiments show 
whether the spures sui-vive or not, control experiments 
being made at the same time. Among the very few 
substances which killed the spores within a day (and for 
practical disinfection this is far more timc^ than can 
often be allowed) were mercuric chloride (1 percent.), 
carbolic acid and potassium permanganate (6 per cent.), 
and cldorine and bromine water (2 per cent.). A 4-j)er- 
cent. solution of carbolic acid took three days, and 
1-per-cent, permanganate had no effect in two days. 
Among those which failed were .5-per-cent, solu¬ 
tions of chloride of lime, zinc salts, copper sulphate, 
ferrous sulphate, boric acid, and sulphurous acid, and 
S-jMjr-cont carbolic oil. Several of these, however, are 
able to kill less' resistant forms, such as B. typhonts 
and sporeless anthrax bacilli; or, serving as anti¬ 
septics, to prevent multiplication. 

A substance, to bo a satisfactory disinfectant, should 
possess five characters : (a) it should be directly 
germicidal within a reasonable time; (6) it should 
not possess chemical properties which unfit it for 
ordinary use; (c) it should be soluble in water, or 
capable of solution or emulsion when brought into 
direct contact with the material to bo disinfected; 
(d) it should not produce injurious efl'ects on the' 
human tissues; and (e) it should not be too costly 
when used in appropriate strength. The substances 
which fulfil all these requirements are not numerous. 
Many valueless experiments have been made respect¬ 
ing such chemical bodies, because the conditions neces¬ 
sary to valid and comparable results have been ignored. 
These conditions are chiefly three, namely, using dis¬ 
infectants which give regular and consistent results, 
using standardized bacterial cultures as to age and 
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ADurce, and working with the same organism. Out 
of the confusion of contradiotory findings it is possible, 
however, to name a number of reliable disinfectants. 
The liquid reagents most in use arc mercuric chloride 
(1-600 for excreta and 1-1,000 for lumds), mercuric 
iodide (1-1,000 for stools and linen, and 1-2,000 
for hands), potassium (Mrinanganate (5 per cent.), 
formalin *{40 per cent, solution of formic aldehyde 
mixed in equal volume for stools), carbolic acid (6 per 
cenh), zinc chloride (1-10), chloride of lime (1 to 2 per 
cent, for liand-washiiig, etc., 4 per cent—i.e. 6 oz. 
to 1 gallon—for solid and liquid excreta), creosol, 
cyllin, lysol, ijreolin, and many compounds of the 
aromatic series (e.g. izal and Jeyes’ fluid, which 
contain the higher phenols, and form emulsions with 
water). 

A most important eouaidoratton in m^nl to the more 
potent of these disinfecting solutions is their 
strength.” If, for example, it is proposed to disinfect a 
putrescent liqui(^ by moans of permungpnato of potash, it is 
ahsolutoly useless to add a little of a d-por-cont. solution of the 
salt: Wo must add either the solid permanganate or a highly 
concentrated solution, until the permanganate is present ns 
such to the extent of 5 per cent, of the whole weight of liquid, 
this 5 per cent, being, of course, in addition to the amount 
requirw to oxidize the organic matter^ Those essential 
conditions are rarely if ever omrvcd in practice, and '■ disin- 
fedcion ” by permanganate consists usu^y of deodorization 
with partial oxidation of organic matter. A similar consideia- 
tion applies to mercuric emoride, which, if added to liquids 
containing ormnic matter, forms a precipitate that carries 
down part of the mercury in an inert form, and, if sulphuretted 
hydrogen is present, the equally inert sulphide of mercury is 
thrown down. So, too, with carbolic acid, which must form 
not less than 6 per cent, of the whole weight of liquid—not 
merely of the stock solution—if it is to destroy anthrax 
spores. 

Mtreuric Moride is one of the chief reagents that 
can be ooavenientlye employed in solution under such 
conditions as to destroy the most resistant microbes. 
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One part of mercuric chloride in 1,000 of water 
destroys anthrax spores, according to Koch, but 
other observers have found this strength inadequate. 
The great drawback to this reagent is its extremely 
poisonous nature, but it may be kept in Huted 
poison-bottles properly labelled, and the solution may 
bo artiticially coloured with indigo, and “ gdorized " 
with thymol, as further safeguards. The following 
proportions are suggested in a memorandum of the 
L.O*B. (1905); i oz. mercuric chloride, 1 oz. hydro¬ 
chloric acid, and 0 grains of commercial aniline blue, 
in 3 gallons of water. This ought not to cost more 
than one penny per gallon and should not be further 
diluted. Non-nietallic vessels (wooden or earthen¬ 
ware) should be used, and articles soaked in the 
mercurial solution should be steeped in water for 
some horn's before washing. Whether the contagia 
of human diseases are amenable to less potent reagents 
is still an open question, but for the present it is not 
safe to assume this. 

Many duid disinfectants are now applied direct to 
infected surfaces by means of a sprayer (Equifex, 
Mackenzie, etc.), such as chloride of lime (1 lb. to 10 
gallons of water), carbolic acid (5 per cent.), formalin 
(40 per cent, solution, •'5 oz. to the gallon for 600 ft 
of surface). 

Fnmigalioiit —For the disinfection of I'ooms and 
other closed spaces the ))rincipal reagents in use are 
sulphurous acid, chlorine, bromine, nitrous acid, and 
formic aldehyde. Sulphurms acid is usually gener¬ 
ated by setting fire to fragments of roll sulphur in 
an iron vessel, with the addition of a little spirit to 
facilitate lighting. Sul[ihar candles are convenient 
substitutes, or bisulphide of carbon may be burnt 
in a lamp. The prescribed proportions are 3 to 3 lb. 
of sulphur to every 1,000 cub. ft. of air-sMoe. 

CMorine is most conveniently produced by adding 
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crude hydrochloric acid to chloride of lime. The 
strength of the latter varies, but as a rule IJ to 2 
pints of the acid should be allowed for each pound of 
chloride of lime. No heat is required; indeed the 
reaction is so rapid that it is necessary to seciire time 
for the operator to escape, by letting the acid drip 
through ^ small hole upon a little cup which, when 
full, overdows into the dish containing the lime. Tire 
quantities required, according to German experiments, 
are very large—about 15 lb. of chloride of lime 
and 22 lb. of hydrochloric acid* for every 1,000 
cub, ft. These quantities, being somewhat prohibitive, 
are commonly reduced to one-tenth or less in practice. 
The reagents should bo divided into a convenient 
number of portions and placed in several parts of the 
room in positions as near the ceiling as may be 
practicable. 

Nitrous flimes are generated by adding copper 
tilings or other reducing agents to nitiic acid. 

Formic cAdshyde vapour can be obtained by various 
devices in the way of lamps (paraform lamp burning 
60 tabloids (jer 1,000 cub. ft., exposure 5-10 hours); 
more effectively by Trillat’s autoclave, a somcwliat 
costly apparatus, in which its 40 per cent, aqueous 
solution, known as formalin, is treated at high 
pressure in presence of calcium chloride, the gas being 
passed through the keyhole by means of a tube; or by 
Lingner’s apparatus, in which glyco-formal (formalin 
30 percent, and glycerin 10 jjer cent) is vaporiz^ 
and ejected as a fine spray. If the formalin is 
simply heated, much of the aldehyde changes into 
a solid jmlymeride ‘paraform. The amount of formalin 
I’equired for each 1,000 cub. ft. of air-space in a room 
is about a pint (20 oz.). The vaimur, in the propor¬ 
tion of 1 per cent, in air, or solution of 0'6 per cent. 

* strong sulphuric aclil niay he substituted for crude hydrochloric 
acid. About a third of tho uuontity woul^suIBce. 
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strength, is found to destroy most oiganisms. For 
par|X)ses of fumigation, formic aldehyde has advan¬ 
tages over sulphurous acid and chlorine, in its lower 
density, which gives it greater diffusibility and some 
power of penetration, and in its more rapid action 
(3-5 hours). It acts best if the air is dry, and it is 
harmless to most colours and most surft^es except 
iron. The vapour is irritating, but readily cleared 
away by ventilation. 

Klein, Houston, and Goidon, in 1902, found that 
formic aldehyde gas (30 tabloids of 0-034 oz. each to 
1,000 cub. ft. space) killed the cholera and typhoid 
bacilli, and the diphtheria bacillus, as well as Staphy¬ 
lococcus pyogenes aureus, in 6 hours, and devitalized 
tubercular sputum unprotected and freely exposed 
on linen and paper. The same may be said of sul¬ 
phurous acid gas (3 lb. to 1,000 cub. ft.) in 24 
hours, except that the sputum i-emained unaflTected. 
Anthrax spores wore not killed uniformly under any 
of these conditions. 

Sealing of room .—In any case thi! room must 
be rendered as nearly air-tight as [X)ssible before 
fumigation. Paper should be pasted over the fire¬ 
places and ventilators, and around the window-sashes 
and doors, leaving, of course, one door to be parted 
up on the outside after the o[)erator quits the room. 
It is desirable to reqder the air of the room moist 
by moans of steam or water before fumigating by 
sulphurous acid or chlorine, to an extent sufficient to 
moisten the walls and other surfaces. In ordinary 
rooms it appears that the unavoidable leakage is 
considerable, so that the theoretical projjortion of 
the gas is only present for a very short time, if at 
all. The slightest protection shields even sensitive 
microbes from the action of the fumigant; very few 
are killed which lie in crevices, or in the pocket of 
a coat, or are wrapped in filter-paper. 
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It would seem that, if precautions are taken 
to reduce the leakage to a minimum, fumigation 
by sulphurous acid, chlorine, or formic aldehyde 
may bo able to destroy most, if not all, of those 
microbes that are not very rcsistsmt, and that 
happen'to be freely exposed upon the surface. 

Fumigijtion is to be regarded as—at most—a 
disinfection of air and of surface. Even this is 
an important step in the direction of safety, for the 
surface is precisely that portion of an infccW article 
which is most readily and most largely charged 
with infective matter. As a preliminary process it 
affords some degree of .secui'ity to those engaged in 
carrying out later and more thorough measures of 
disinfection. It can be supplemented, us regards 
surfaces, by washing with soap and water, or spray¬ 
ing with a disinfectant solution; wall-papers can be 
stripped off, or limewash renewed. 

Disinfection of the air of a room is practically 
ensured by the free ventilation which in any case 
must be subsequently effected; but if infected sur¬ 
faces or articles are allowed to remain undealt with, 
the air may at any time again become charged with 
infective matter accidentally dislodged from its 
resting-place; therefore, in addition to fumigation it 
is necessary thoroughly to wash with disinfectant (e.g. 
1-1,000 corrosive sublimate). 

Besides the germicidal )X)wer of the reagent there 
are three other conditions essential to disinfection— 
namely, sufficient strength or intensity, maintained for 
a sufficient time, with sufficient contact or exposure. 

In few departments of hygiene hare absurd generalisations 
been so prevalent as in reference to disinfectiun. “ Disin¬ 
fectants,” or substances labelled as such, are still widely 
employed under conditioiu which a moment’s reSection would 
show to be utterly ingomjntible with any real efficacy. 
Passing over such trivialitM as “fumigation” by burning 
brown paper or green sticks, we have ^e *tvholo8nle employ- 
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ment of deodorants and ant^ptics under the name of 
disinfeotion, unsupported by any scientific evidence of Uieir 
utility. Tho few tine disinfectants in general use are 
commonly employed under such conditions as to quantity, 
concentration, and duration of exposuin that little benefit can 
result from thorh. It is often assorted that the danger of 
infection by diseased meat is exa^rated, beeaust? the process 
of cooking most destroy any microbes that may be present. 
Kven as regards microbes, the temperature iu thi intwor of 
joints obviously may fall far short of that required for di^- 
infection, and toxins are in all probability uninjured by or- 
ilinary cooking. Tho gastric, juice also is created with a 
disinfooting power much gi'eator than the evidence wannuts. 

Attempts are often made to “ disinfect** sewers and drains 
by flushing thorn with solutions of chloride of lime, oirbolic 
acid, or ferrous sulphate. A little consideration will render it 
clear that any real disinfection of this kind is wholly 
impracticable, even if true disinfectants such as stoong 
solutions of mercuric chloride are used. The reagent is 
quickly diluted by the oontonts of the drain, and rapidly 
passes away without coming even momenhirily into effectual 
contact with the whole of the material and surfaces it is 
supposed to disinfect. If the drain or sewer is properly 
constructed, thorough flushing by water will bo moro dfiEOctual 
than the uso of disinfectants. 

Stanflardizatioii of dUtnfectaats*— Koch 
and other bacteriologists made early attempts to 
standardize the disinfectant power of the chemical 
substances with which they experimented. Com¬ 
plete and exact standardization is, of course, impos¬ 
sible owing to the variability of the protoplasm and 
resistant powers of diflferent micro-organisms and even 
different strains of the same species. Two tests have 
been recognized for standardizing disinfectants, the 
Rideal-Walker and the Martin-Chick, (a) The Rtdeal- 
Waiker test is as follows: To 6 c.c. of a partioaUr 
dilution of the given disinfectant in sterili^ water 
are added 6 drops of a 24-hours’ blood-heat-inoubated 
culture of the organism in ^broth. Mix thoroughly, 
and then subculture every' 24 minutes up to 15 
minutes, and incubate for 48 hours at 37® 0. The 
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germicidal potency of the given disinfectant is 
expressed in multiples of a solution of pure phenol 
performing the same work in the same time, with a 
24-hours' culture in broth of the typhoid bacillus, and 
this constitutes the “ carbolic-acid coefficient." (!i) 
In the Martin-Chick test an emulsion is made con¬ 
taining 3 .ner cent, of human fmces, dried at 216° F. 
and subsequently sterilized, to which the test or¬ 
ganism is added. To this is added the disinfectant 
to bo stattdardized, allowing an interval of 15 minutes, 
and subculturing. The coefficients obtained are 
much less than in test {a). 

Antiseptics are reagents which prevent, arrest, or 
impede the growth and multiplication of microbes, 
without necessarily destroying them. All true chemical 
disinfectants are still antiseptic when diluted, provided 
that the dilution is not carried toq far (mercuric 
chloride has some trace of antiseptic power even at 
the enormous dilution of 1 in 300,000). Among 
other important antiseptics are 'boric acid, borax, 
sulphurous acid; essential oils, including those of 
mustard, thyme, turpentine, peppeimint, cloves, and 
eucalyptus ; quinine and other alkaloids; and flavine. 

Antiseptics are employed maink to prevent or 
arrest decomposition of organic substances. Apart 
frefm surgical purposes, they are used for the preserva¬ 
tion of food, to prevent or restrain decomposition 
in organic refuse, as a precaution against rotting of 
timber, and in many other ways. 

Deodorants serve to remove or mask effluvia. 
Among aerial deodorants, nitrons acid is one of the 
most powerful. Chlorine and the fumes given ofl 
by moist chloride of lime are also potent, and act 
by oxidation of organic matter; they decompose 
sulphuretted hydrogen, which is an important con¬ 
stituent of the gases of putrefaction. 



OHAPTER XVII 

MEDICAL OFFICERS OF HEALTH AND 
SANITARY INSPECTORS 

Medical OlHcers of Health.— Every Sanitary 
Authority is required (Public Health Act, 1875, secs. 
189, 190) to appoint one or more Medical Officers 
of Health, and also an Inspector of Nuisances. Two 
or more S.A.s may appoint the same M.O.E. (under 
s. 191); and, apart from this, the L.G.B. is em¬ 
powered (s. 286) compulsorily to unite districts for 
the purpose of appointing a K.O.H. County Councils 
are required, by s. 68 (1) of the Housing and Town 
Planning Act, 1909, to appoint (county) Medical 
Officers of Health, who arc forbidden to hold other 
appointments or engage in private practice without 
the written consent of the L.C1.B. The K.O.K. 
may, however, hold the post of School Medical Officer 
for his area. If any part of the salary of the 
U.O.H. of a local Authority is repaid by tl|e 
County Council, the Ii.Q.B. lias the same powers 
in regard to qualification, appointment, duties, salary, 
and tenure of office as it has in the case of a Poor 
Law medical officer (Public Health Act, s. 191). 

In December, 1910, the £.O.B. issued a Memor¬ 
andum on the whole subject of the appointment of 
Medical Officers of Health, in which they emphasized 
the advantages of whole-time appointments. In 
order to secure such appointments it is frequently 
desirable for small districts jo combine, an arrange¬ 
ment approved by the Board. It is, in the Board’s 
opinion, also desirable, for economy and efficiency, 
m 
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that certain posts should be held conjointly by 
the same officer, viz. M.O.H., S.K.O. and assistant 
8.X.O., sn^rintendent of the local isolation hos¬ 
pital, certifying factory surgeon, and, in the same 
district, public sui^eon, public vacciilator, and poor- 
law medical officer. The K.O.H. may also, where 
(iualifled,v. undertake analytical and bacteriological 
work. It forms, however, no part of the ordinary 
duties of the K.O.K. to make full analysis of 
milk, water, sewage effluents, etc. 

Qi|aliacations. — The Orders issued by the 
£.0.8. require that the M.O.H. shall bo registered 
under the Medical Act of 1858, and be qualified by law 
to practise both medicine and surgery in England and 
Wales. The powers of the Boai'd in this respect are 
practically superseded by the Local Government Act, 
1888, s. 18 of which requires that (except when 
the L.O.B., for reasons brought to their notice, may 
see fit in particular cases to allow otherwise) every 
M.O.H. appointed after the passing of the Act shall 
be legally qualified for the practice of medicine, 
surgery, and midwifery; and fiuther, by the same 
section, he must, if appointed after the 1st of 
January, 136^, to a district having at the last 
census 50,000 inhabitants or more, appear in the 
Medical Register as the holder of a diploma in 
Sanitary Science, Public Health, or State Medicine 
under s. 21 of the Medical"Act, 1886; or have 
been, daring some three consecutive years prior to 
1892, a medical officer of a district with a population 
(according to the last census) of not less than 20,000; 
or have bwn for not less than three years a medical 
officer or inspector of the £.0,8. 

Teavre of ofliee.— Every medical officer appointed 
to hold office without-limit of time shall continue to 
hold office until he* dies, resigns, or is removed by the 
Xa0,8,, or 1^ the Oouncirw|ih*the assent of the 
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IhO.B., or is proved to be insane. Subject to the 
provisions of the Order, every officer appointed for a 
s|)ecified term shall, on the expiration of that term, 
unless the Council three months prior to the expira¬ 
tion of the term by resolution otherwise detei-mine, 
continue to hold office from year to year until he dies, 
resigns, or is removed by the L.O.B., oi ‘ by the 
Council with the assent of the L.O.B., or is proved to 
be insane, and no further leappointment of the officer 
by the Council, and no further approval of his 
appointment by the li.O.B., shall ))e required unless 
the terms of the appointment are altered. Provided 
.always that the Council, after the expiration of the 
specitiod term, may terminate the appointment by 
giving to the officer three months' written notice of 
their intention to do so, and such notice shall take 
effect at the sameqreriod of the year as that .at which 
the original term expired and not otherwise. A copy 
of such notice shall be sent to the L.O.B. at the 
same time ns the notice is sent to the officer. The 
Council may at any time, by resolution and with the 
consent of the L.Q.B., appoint an officer who holds an 
appointment for a specified term to hold office without 
limit of time. 

The Council may, at their discretion, suspend any-i 
officer from the discharge of his duties, and shall, in 
case of every such susp^ion, forthwith r^rt the 
.same, together with the cause thereof, to the £.6,B., 
who may remove the suspension of the officer by the 
Council, when he shall forthwith resume his duties. 
Where smy change in the extent of the district of any, 
officer, or in his duties or salary, is deemed necessary 
by the Council or the L.G.B,, and he declines to ac¬ 
quiesce therein, the Council may, with the consent of 
the Ii.O.Sm but not otherwise, and after mx months’ 
notice in writing, signed by their Clerk, g-'™"! to the 
officer,, determine his office, 

3k 
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Salury*—The salary has to he approved by the 
Ii.Q'.B., and with the consent of this Board the 
Council may pay a reasonable remuneration on 
account of extraordinary services, or other unfore¬ 
seen or special circumstances connected with his duties 
or the necessities of the district for which he is ap¬ 
pointed. ^ In all cases of whole-time appointments it is 
important that the salaiy should be adequate to attract 
men with good qualifications and wide experience, and 
to retain their services. 

Duties. —The dxities of Medical Officereof Health 
as prescribed by the L.O.B. are the same whether a 
contribution is made to the salary or not, except that 
in the latter case the officer is oldiged to i*eport his 
appointment within seven days to the L.O.B. 

The following duties ni’e prescribed by the Board’s 
Older of 1910 (Art. 19) for every K.O.H. appointed 
or reappointed after that date:— 

1. He shall inform himself as far .hs pi-ncticablo respecting 
all influences affecting or threatening to affott injuriously 
the public health within the district. 

2. He shall inquire into and uncertain by such means as are 
at his disposal the causes, origin, and distribution of diseases 
within the district, and ascertain to what extent the same have 
depended on conditions capable of removal or mitigation. 

. 8. He shall bv inspoction of the district, both systematically 

at certain Mrioos, and at intervals as occasion may require, 
keep himself informed of the conditions injurious to health 
existing therein. * 

4. He shall be prepared to advise the Council on all matters 
affecting the health of ^o district, and on all saniiury points 
involved in the action of the Council; and in esses requiring it, 
he shall certify, for the guidance of the Council or of the 
justices, as to any matter in respect of which the certificate 
of a M.O.H. or a medical practitioner is roquired as the basis 
or in ud of sanitary action. 

d. On receiving information of the outbreak of any in¬ 
fectious or epidemic disease of a dangerous character within 
the district, he shtll visit without deday the spot where the 
outbreak has ooouned, and inquire ii^o the causes and oircum- 
stances of such outbresk, and, cose he is not satisfied 
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that all due precautions being taken, ho shall advice 
the penons competent to act as to the measures which appear 
to hiiD to be required to prevent the extension of the 
disease, and shall take such moasui’cs for the prevention of 
disease as he is legally authorized to take under any statute 
in force in the district or by any resolution of tho C'ouneil. 

6. Subject to the instructions of the CVumcil, he shall 
direct or superintend tho work of tho Inspoctoi-of Nuisances 
in the way and to the extont tluit Iho Council Anil approve, 
and on receiving informution from the Inspector of Nuisances 
that his intervention is required in consequence of the 
existence of ajiy nuisance injurious to health, w of any 
overcrowding in a house, ho shall, as early as practicable 
take such stops as ho is legally authorized to take under 
any statute in force in the district, or by any resolution of 
the Council, as tho circumstances of the case may justily 
and require. 

7. In any case in which it may appear to him to be 
necessary or advisable, or in which he shall bo so directed by 
the Council, he shall himself inspect and examine any animal, 
carcass, moat, poultry, game, flesh, flsh. fruit, vegetables, 
coiTi, bread, flour, or milk, and any other article to which 
the provisions of llie l^iiblie Health Acts in this behalf 
apply, exposed for sale, or deposited for tho purpose of 
sale or of preparation for sale, and intended for the 
food of man, which is deemed to be diseased, or tmsonnd. 
or unwholosomo, or unfit for tho food of man; and if 
ho finds that such animal or article is diseased, or unsound, 
or unwholesome, or unfit for the food of man, ho shall 
give such directions as may bo necessary for causing the 
same to be dealt with by a justice according to tho provisions 
of the statutes ajqdicablo to the case. ITe shall also take 
such action as it may be necessary for him to take by virtue 
of the provisions of the Put)lic Health (Regulations as to Food) 
Act, 1007, and any regulations made thereunder. 

8. He shall perform all tho duties imposed upon him by 
any bye-laws and regulations of the Coun<'i1, duly confirmed 
where* confiimation is legally required, in respect of any 
matter affecting the public health, and touching which they 
are authorized to frame bye-laws and regulations. 

9. He shall inquire into any offensive process of trade 
carried on within the district, and report on the appropriate 
means for the prevention of any nuisance or injury to health 
therefrom. 

10. He shall attend at the office of the Council, or at some 
other appointed place, at such times as Htey may direct. 
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11. He ^11 from time to time repoH in writing to the 
Counoil his proceeding, and the measures whioh mav require 
to be adopted for the improvement or proteotlon of the public 
health in the district. He shall in like manner report with 
respect to the sickness and mortdity within the district, so far 
as ne has been able to ascertain the same. * 

12. Ho shall keep a book or books, to bo prurided by the 
Cooncil, in which he shall make an entry of his visits, and 
notes of his observations and instructions tnereon, and also the 
date and nature of applications made to him, the date and 
I'esult of the action taken thereon and of any nt'tion taken on 
promus reports; and shall produce such book or books, when¬ 
ever requirod, to the Council. 

13. On*^tonday, the 9th of January, 1911, and on every 
Monday thereafter, ho shall forward to the L.Q'.B. by post, at 
such an hour as in the ordinary course of i)ost will ensure its 
delivery on the following Tuesday morning, a return, in such 
form as the L.O.B. may h-om time to time require, ns to the 
number of cases of infectious disease notified to him dnring the 
week ended on the preceding Saturday night. Ho shall also 
forward at the same time a duplicate of the return to the 
Medical Ofiicer or Officers of Health of the county or counties 
in which the district is situated. 

14. He shall as soon as practicable after the 31st of December 
in each year make an annual report to the Council, up to the 
end of December, on the sanitary circumstances, the sanitary 
administration, and the vital statistics of the district. 

In addition to any other mattora upon which he may con* 
rider it desirable to report, his annual report shall contain the 
information indicated in the following paiagraphs ; together 
wi^ such further information as the I<.Q-.6. may from time 
to time require:— 

(aj An account of any inflaences threatening the herith of 
the dtstrict, the prevalence of infeoCious or epideimc diseases 
therein, and the measures taken for their prevention. 

J ^} An account all general and B][>ec{al inquiries made 
ng the year. 

(«) An account of the work performed by the Inspector of 
Nttisonoes duriii« the year, including the statement supplied 
in pursuance of Article xx. (16) of this Order. 

(d) A statement as to the conditions affecting the wholo- 
someness of the milk produced or sold in the district. 

(ir) A statement as to the conditions affecting the whole¬ 
someness of foods iof human consumption, other than mlUc^ 
produced or sold in the ^strict. ^ 

(/) A statement m to the siiffirionoy and quality of ^0 
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water supply of the district and of its soreml parts, and, tn 
ureas whore the supply is from waterworks, information as to 
whether the supply is constant or intermittent. 

(yj A statement ae to the pollution of rivers or streams in 
the district. 

(A) A statomunt as to the character and sufficiency of the 
arrangements for tho di-alnago, sewerage, and sower disposal in 
all parts of the district. I 

(t) A Element as to the privy, water-closet, and other 
closet accommodation in the district, including information os to 
the approximate number of each typo of privy and closet. 

{fj A statement as to the character and efficiency of the 
arran^ments for tho removal of house-refuse, and the cleans¬ 
ing of earth-closets, privies, ashpits, and cesspools in the 
district. 

(^’) A statement with regard to the housing accommodation 
of the district as required by Article v. of tne Housing (In¬ 
spector of District) Regulations, 1910, and an account of any 
other action taken by the Council under the Housing, Town 
Planning, etc., Act, 1909, bearing on the public health. 

(f) A stateinctit as to tho vital statistics of tho district, in- 
cludioff a tabular statement, in such fonn as the L.0.B. may 
from time to time direct, of the sickness and mortality within 
the district. 

(w) Where the M.O.H. is appointed by the Council of a 
county borough, or by a Council Imving delegated powers 
under the Midwives Act, 1902, a statement as to the adminis¬ 
tration of that Act in tho distnet: 

Provided that, if the M.O.H. shall resign or bo removed 
before the 31st of December in any year, he shall, as soon as 
practicable after going out of office, make to the Oouncihthe 
like report for so much of the yeu* as shall have expired when 
he ceased to hold office. 

15. Ho shall forthwith roport to the I 1 .O.B. any case of 
pluuo, cholera, or smallpox, or of any serious outbreak of 
epidemic disease in the district, which may be notified to him, 
or whitdi may otherwise come or be brpugnt to his teowledgo. 

16. He s^l transmit to the L.CI.& three copies of earii 
annual report and one copy of any special report. At the same 
time he snail transmit a copy of too report or give the lilm 
information to the County Council or County Councils of the 
county or counties within which the dismot is situated. 
Where the H.O.H. is appointed by the Council of a county 
borough, or by a Council having delegated powers under the 
Hidwives Act, 1902, he shall also transmit to the Privy Counril 
and to tho Central Midwives Board either a copy of hu annoal 
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report or of that part of it which contains the statement 
relating to the administration of the Midwivee Act, 1902. 

17. In matters not spociticully provided for in this Order, he 
shall observe and exocuto uoy instrucitions issued by the 

and Iho lawful orders and dimtions, of the Council 
applicable to his utiiuc. 

18. Whenever the L.G.B. shall make regulations, and shall 
declare the r(j^^ulations so made to he in force within any area 
comprising the whole or any i)art of the district, he shall observe 
such regulations, mo far as the SJinie relate to or concern his 
office. 

The duties of tlie M,O.K. to a Port S.A. are 
defined tty the L.G-.B. in terms which are closely 
parallel to those given above, omitting the references 
to regulated traders and inspection of food, and other 
matters clearly concerned with ordinary sanitary 
districts, and substituting “ships” for “houses,” and 
“ shipping within the district ” for “ distx’ict. ” 

He shall inform himself as far as practicable respecting 
all conditions alfocting or threatening to affect mjuri(>u3ly the 
health of crews'aud other persons on shlp-boam within the 

district.lie shall inquire into, and ascertain by 

such means as are at his dispoKil, the causes, origin, and dis* 
tributiou of diseases in the ships and other vessels within the 
district, and ascertain to what extent the same have depended 
on conditions cai)ahle of I'omoval or mitigation. . . . . . 

Ho shall, by inspection of the shipping ifl the district, keep 
hinxH>lf informed of the conditions injurious to health existing 

therein.On receiving i^ormatioa of the arrival 

within the district of any ship having any infectious or 
epidemic disease of a dangerous chai^cter on board, or of the 
outbreak of any such diNoaae on board any ship within the 
disUict, he shall visit fhe vessol without delay, and inauue 
into the causes and circumstances of such outbreak, and advise 
the persons competent to act as to the measures which may 
appear to him to be required to prevent the extension of the 
dtsoase, and so far as ho may bo lawfully authorised to assist 

in the oxeoution of thu same.On ncolving in* 

formation from the Inspector of NnisancM that bis intervention 
is reqnir^ in consequence of the existence of any nuisance 
injunouB to hwlth, or of any overcrowding in a ship, he shall, 
as early as ptaclicablo, take such steps authorized by the Public 
Health Act, 1876, on that behalf, ai^ho circumstwees of the 
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case may justify and require.When any vessel 

within his district has had dunKerous infections disease on 
hoard, he shall give notice thereof to the M.O.H. of any port 
within the United Kingdom whither such vessel is about to 
sail.’* 

Dnti««i of iioniity nodical OMccnt of llcallh. 

—Section 68 of the Housing, Town Planning, etc.. Act, 
1909 (subsection 1), requires every OounW Council 
to appoint a U.O.K,, and in July, 1910, the LtOiB. 
issued a General Order setting out the duties of these 
ollicera 

The Board have not included any provision 
requiring the M.O.H. of the county to compile 
periodical lists of infectious disease, as these are 
now obtained weekly by the Ii.Cl.B. from the district 

M.O.H. 

The Board regarded any provision as to the co- 
oidination of the work of the S.M.O. under the 
Education (Administrative Provisions) Act, 1907, 
with the work of the county M.O.H., as not im¬ 
mediately within the scope of the Order. Both they 
and the Board of Education consider that this co¬ 
ordination should be as close as possible, and that 
it can best be secured by the appointment of the 
same officer as county M.O.H. and county 8,M.O. 
The duty of serving as S.M.O, is clearly within the 
scops of those “ other duties ” which, under the Att, 
may bo assigned by the County Council to its M.O.K. 
Where the work of tlfe two offices is more than can 
be discharged by one officer, the case should be met 
by the appointment of assistants, rather than by the 
appointment of separate and independent officers. In 
some instances it may be desirable that such addi¬ 
tional assistance as is required in regard to school 
hygiene should be obtain^ by the appointment, as 
an assistant S.M.O., of the M.O.H, of a district 
or combination of districts in the county. The 
adoption of this course may enable the Counoils of 
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the districts concerned to obtain the advantage of 
the services of an officer who does not engage in 
private practice. 

Subsection 7 of s. 08 of the Act provides that a 
appointed after the passing ef the Act shall 
not engage in private practice, and shall not hold 
any oth^ public appointment without the express, 
written consent of the and subsection 3 

takes away the power of County Councils and District 
Councils under s. 17 of the Local Government Act, 
1888, to make arrangements to employ the same 
IS.OiB. As indicated above, the Board are pre¬ 
pared to consent to the holding also the 

office of S.IC.O, in the county, but they think it is 
generally undesirable that any other offices should 
be held by the county M.O.K. In regard to the 
remuneration of the M.O.E., the B,oai'd’s ex]ierience 
shows that it is desirable that in addition to liis 
salary the officer should be repaid his actual travel¬ 
ling expenses, and that he should be provided with 
adequate clerical assistance. The Board point out 
that to secure the best interests of the county in 
the department of public health co-operation Iwtween 
the county K.O.B. and the district M.O.B. is 
essoutial. 

« The Order prescribes the following duties us the 
duties of every Medical Officer of Health of a county 
other than the administrative'eounty of London :— 

1. The of the county shall inform himself ai fur 

as practicable respecting all influences affecting or threatening 
to affect injuHously the public health in the county. For this 
purpose he shall visit the several county districts in the county 
as occasion may require, giving to the U.O.Hi of each 
county district prior notice of his visit, so far as this may 
be practicable. 

2. The 11.0.EE. of “the county shall from time to time 
inquire into and iflport upon the heepitsl aecomoWdatiOn 
available for the isolation of cases ceewnng in ,the county- 
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('<) of smallpox, and {6'j of othor infectious diseases, and upon 
any need for the Drovision of further hospital accommodation. 

3. The M.O.H. of the county shall communicato to the 
M.O.H. of a county district within the county any informa¬ 
tion which ho may possess as to any danger to health threaten¬ 
ing that district. 

4. The M.O.H. of the county shall consult with the 
H.O.H. of ( ouuty districts within the county whenever the 
cln^umstanues may render this dosirablo. ' i 

5. If the annual or special reports of the M.O.H. of a 
county district in the county shall not contain adequate in- 
formiition in regard to {a) the vital statistics of the district, 
(b) the sanitary (.-ircumstencos and administration of the 
district, and (c) the action taken in the district for putting in 
force the provisions of the Housing of the Working (’lasses 
Acts, 1B90 to I'-U)9, the M.O.H. of the county shall obtain 
from the M.O.H. of the county district such further informa¬ 
tion on those matters as the circumstances may demand. 

6. Tiio M.O.H. of the county shall, when directed by the 
L.0.B., or by the County Council, or us occasion may require, 
make a 8j>ecial report to the County Council on any matter 
appertaining to his fluties under thi.s Order. 

7. The M.O.H. of the county sliall, as soon as practicable 
after tbo Slat day of December in each year, mako an annual 
report to the Couuty Council up to the end of December on 
the sanitary ciicumslances, the sanitary administration, and 
(he vital Ktatistios of the county. In addition to any other 
matters upon which the M.O.H. may consider it desirable 
to report, his annual remirt shall contain the following sec¬ 
tions : (ff) A digest of all annual and special reports made by 
the M.O.H. of all county districts within the county; (i) a 
so tion as to the isolutiou-hc«pital accommodation availablb 
fur each county district and os to the steps which should be 
taken to remoay any deficiencies which may exist; (c) a sec¬ 
tion on the administration of the Housing of the Working 
Classes Acts, 1890 to 1900, within the county; (/f) a section 
on the water supply of the sovoral county districts within the 
county; {e} a section on the pollution of streams within tho 
county and as to the steps for the prevention of poUutf^ 
taken (i.) by the Docal Authorities and (ii.) by the County 
Council: (/) a section on the administration within tho county 
of the Siidwives Act, 1903; and (y) a section on tbie admlhi<* 
tration of the Sale of Food and Drugs Acts, 1873 to 19d7i 
within that part of the county in^whicn the County C)oudcu 
have jurisdiction for the purposes of those Acts. 

8. Tbe M.O.H. of the county shall send to the 
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t«ro copies of his annual report and two copies of any special 
report; he shall also send one copy of his annual report to 
the Council of every county district in the county, and shall 
send throe copies of any special report to the Council of every 
such <;ounty district affect^ by the special report. 

Annual — Under the Local Govern¬ 

ment Act, 1888, 8. 24 (2) (c), onedialf of the salary 
of a ^'.O.R. is forfeited, and the 8*A. lose the 
benefit of repayment of a moiety of tho salary by 
the County Council, if the M,O.H. does not furnish 
an annual report as required by the Regulations. The 
follo«ving instructions were issued by the L.G.B. in 
November, 1910:— 

Kvery M.O.H. appointed iituler Order of the 
is r^iui^ to make an annual rei>oit with regard to each 
sanitary district, or division of a district, M'htch is under his 
siipurintendencc. This report is to lie for the year ending the 
31st of December, or, it the o0icer at that date has not been in 
office for a wholo year, then for so much of the year us has 
elapsed since his appointment. The report is to bo made to 
the Council by whom ho is appojntcd, and the M.O.H. 
himself should send a copy of it to the L.Q-.B. and to the 
County Council or County Councils of tho county or counties 
within which his district maybe situated.* ft should be made 
as soon as practicable after the expirrtion of the year to which 
it relates. The M.O.H. ought not to have any difficulty in 
doing this within two months; but i(^from any special cir¬ 
cumstances tho report cannot be completed within this period, 
It should be understood that the delay must not bo indefinite, 
and that tho report should be in the hands of his Council, and 
of the Board, within, at must, th"oe months from the end of 

Where the district fur whieli & M.0<H4 actml at Uic bogliming of the 
year has, in consequence of any Onler made iiy a County Council or Joint 
Committee nndet the booat Oovenimeiit Acts, 1888 and 1894, been placed 
under the Jurisdiction of 1 wo or more Councils, the U.O.B. should send 
to each Council, either a reiiurt on the whole area for which bo has acted 
during the previous year, or a report relating to so much of that area as on 
the Slit December of that year was under the Juriediction of each Oonucil. 
If one report only bo made, the M.O.H. should make such distinctions as 
will enaolte each Council to ascertain the facts specially relating to its own 
district. 

Incases where the hotel Authority having Jurisdiction over an area at 
the beginning of the y%ir has ceased to exist, the ILO.B. should report 
thereon to the Council or Connells excrcisiqg authority over such area at 
the time that he makes his annual repor^ 
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tho yoar.* Any spocial oiroumBtanoes preveutinff the delivery 
of the Board’s copy within throe months from the end of the 
year should at once be reported to the Board, 'rhe Beard’s 
copy of tho i-eport should bo forwarded to them when the 
original is senti to the Council, unless the report is about to 
be printed by order of the Council. In such cases tho Board 
need only be supplied with three printed copies. It is 
very desirable tliat the annual report should be printed, for 
the sake of facility of I'eforencc and in order that a sdpply of 
copies may bo available for distribution among tho town or 
district councillors and other persons iutorostod. 

Article 18 (s. 14) of tho Board’s Order of March, 1891, 
specifics the mfomuition to be contained in the annual re^rt. 

The report should be chiefiy concerned with the conditions 
affecting health in the district and with the means lor improv 
iiig those conditions. It should contain an account, brought 
up to tho end of the year under review, of tho sanitary circum¬ 
stances of the district, and of any improvement or deterioration 
in these circumstances which may have uccurred during the 
year. (Jare should be takon to report fully and explicitly on 
the infiuences affecting or threatening to affect injuriously the 
public h(^th in the district, and on the action which has been 
taken, or which may still be needed, with a view to combat 
those influences. It is of especial impoi-tanco that tho 
3(C.O.H. should record what action has boon taken to 
remedy unhealthy conditions which have been reported by him 
in previous annual reports, or in special reports presented 
during tho year under review, and that attention should be 
called afresh, yoar by year, to such as remain unremodied. 

The following deserve Lu be especially borne in mind as 
subjects concerning which tho Boara desire to obtain, through 
annual reports of the IM.O.H-, not only definite general * 
information, but record also of particular changes of condition 
that may have occurred incidentally or by action of the Local 
Authority 

Physical features and goneiul character of the district 
and gencial conditions of iU population. 

'Ijio chief occupations of tho inhabitants, and tho in¬ 
fluence of any ps^icular occupation on public hoidth. 

House accommodation, especially for the working 

* Medioal Otfleers of Health soiiieUmea delay issuing their annual 
reports In order to Inoorporate in them some of the sUttsUcs of tiie 
HegUtiar-Qonoral for the same year. The Mtes required for (his purpose 
are given in tlie Quarterly Return of Births and Deaths of the Begiitrar* 
Qenoral fur the fast quarter of the year hi question, which Is published 
about tlx WMlrt after the sud of the year. 


572 MEDICAL OFFICERS OF HEALTH [chap. 


classes: its adequacy and fitness lor habitation. Sufii- 
oioncy of open space about houses, and cleanliness of 
surrounding Superrision over erection of new houses. 
Action under Parts i., ii. and iti. respootivoly of the 
Housing of tho Working Classes Act, taken or needed. 

Water supply of the district or of its several paiis; 
its source (from public service or otherwise), nature (liver 
water, well water, uphind water, etc.), sufliciency, wholo- 
sowieness, and freedom (by specif treatment or otherwise) 
from risks of pollution, in tho case of water liable to 
have plumbo-Bolvont action, any facts, either clinical or 
chemical, whether negative or positive, as to contamina> 
tion of the water by lead should be stated, and whether 
administrative action has been taken duiingthe year, in 
rospQct of such contamination. 

Milk supply; character and wholesomen^ of milk 
produced within tho district or imported; condition of 
dairies, cowsheds, and milkshops; administration in re* 
gard to milk. Tuberculous milk. 

Other foods; tiusound food and food inspection; sani* 
tary condition of premises where fo'Mls are prepared, stored, 
or exposed for sale. Meat inspection, disease in meat, and 
condition of slaughterhouses. Action under ^ale of Food 
and*Drug8 Acts, taken or needed. Action under a.. 117 
of the Public Ileallh Act, 187i5. Number of carcasses 
and parts of carcasses condemned for tuberculosis, l^or* 
roation on this point shodd be given even when entirely 
negative. 

Sewerage and drainage: its sufliciency in all parts of 
the district. Condition of sewers and house drmns. 
Moth^ or methods of dispc^al of sewage. LooaHtim 
where improvements are ne^ed. 

Pollution of rivei^ and streams in the district: the 
sources and nature of such pollution, and any action taken 
to check it. 

Excrement disposal: system in vogue: defects, if any. 

Bemoval and disposal of house I'efase—whether by 
public scavenger or occupienj; froiiueucy and method. 

Nuisances: pioceedings for their aDatemeQt-~'Hny re** 
maining unabat^. 

Byc'laws as to houses let in lodgings, oflensive trades, 
etc. Details as to number of premises coming under each 
set of bye*lat^ and action taken. Any need of amend¬ 
ment or f^her bye-laws. 

Schools, esp^ially public #lem6atary schools: sanitfiry 
condition of, iholuaing %a^r supply; aotioh taken in 
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I’dlationto the health of the scholars and for proventinff the 
spread of infectious disease. Arrangements for medical 
inspection of school children. 

Methods of dealing with infoctioiis diseases: notidca- 
tiun; isolation hospihid accommodation, its sufficiency and 
(Efficiency; disinfection. 

lifothods of control of tuberculosis: whether any ays* 
tern of notification of oases of pulmonaty' tub(}TculoBis, 
compulsory or voluntary, is in operation. Niirober of 
cases notified; what action U taken in respect of known 
c-rues and of deaths. Amount of hospital accommu^tion 
for cases of pulmonary tuberculosis in infirmaries and else¬ 
where, for advanced and for earlier oases of the disease. 

With regard to the procoding points it should bo remem¬ 
bered that theso reports arc for the information of the Board 
and of the County Council as well as of the Council of the dis¬ 
trict, and that a statement of the local oirctimstances and a his¬ 
tory of local sanitary (piestions which may seem superfluous for 
tlie latter may often be needed by the former bodies. 

It is expected that each of the preceding points will be 
mentioned in the annual report, and the extent of action or the 
absence of action on each of them definitely stated. 

The report should deal with the extent, distribution, and 
oau8(» of (lisease, ospeciuUy of ouidemic and notifiable (lisoases, 
and of tul>erculosi8 within the district; and should give an ac- 
conni of any noteworihy outbrtEaks of disease which may 
have engaged the attention of the M.O.H. during the 
year unclor review, stating the result of his investigations 
into their origin and propagation, and tbo steps taken by him, 
or on his advice, with a view to check thoir spread. Atten¬ 
tion should bo called to cases in which disease is attribute 
to the consumption of particular articles of food, including* 
shell-fish. 

In dealing with tlie incidence of disease, use should be 
made of the tabular statements supplied by the Board. 

This section of the report should treat of each disease in 
turn; and it will be convenient in the same connexion to 
doBcribe the administrative action taken. Thus the adminis¬ 
tration of the Midwives Act may with advantage be considered 
in relation to puerperal fever, and of the Notification of Births 
Act, 1907, in relation to inhint mortality. 

If the last-named Act has been adopts, the should 

report fully in his annual report on the measures taken by 
assistance of the Act in repression ol infant mortality, and on 
the ob^rved effect of such measures. It shonld oe stated 
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whei&er health visitorH are employed; and, if so, the work 
done by them in the course of the year should bp set out. 

Table iv. issued by the Hoard affords opportunity for record 
in detail of facts as to infant mortality. It is well known that 
in many parts of this country the infantilb death>rate remains 
unduly high ; that it differs widdy in . districts the circum¬ 
stances of which ui’e not definitely dissimilar; and that within 
the limits of a given sanitary area this death-rate may exhibit 
striking^^ diversities. Not a few in their annual 

reporb^more particularly in reports for recent years—have 
dealt in detail with this subjfxrt, thus making important contri¬ 
butions to the bettor understanding of conditions which conduce 
to infant mortality. Nevertheless, statistics available in this 
connexion do not afford, except in a broad and general way, 
satisfactory bases for comparison of district with district, nor, 
indeed, aUvnys for useful contrast of different sections of the 
samo district. 

Table IV. permits record in regard of each sanitaiy district 
us a whole (as also in respect to each of particular suraivisions 
of his district which the M.O.H. may solect for comparison) 
of certain facts as to infant mortality in ea(;h of the several 
weeks of the first month of life and Hi sub-sequent months; 
facts which, when accumulated for a series of years, should 
prove of definite value in institutinyr comparisons such ns have 
Deen referred to. In the text of his annum report, the M.O.H. 
will, no doubt, comment on the facts that he has recorded in 
his table or tables, offering, at tho same time, observations on 
the conditions which, in his view, have mainly contributed to 
any special infant mortulitioi witnessed, and giving account of 
any measures adopted to ameliorate ^oso conditions regarded 
by him as especially hostile to infant life. In so far as 
•modification of procedure for the purpose, or of law in facilitat¬ 
ing such modification, is in his opinion necessary, the M.O.H. 
is invited to state bis views. 

It is not proposed that repori^on the above lines bo limited 
to districts exhibiting unduly high infanlile death-rates. 
Data are desirable I'osjiocting diNtricts low in the scale of 
infant mortalitv, with comment by the M.O.H. on the foots 
that be is recording, and indication of the conditions which, in 
his view, have principally condiice<l in his d{stri<'.t to com¬ 
paratively insignificant infantile death-rate. 

In reference to schools, tho Memorandum on Medical 
Inspection of Children in Elementary Bchonls (Circular 676) 
issued by the Board of Education in November, 1907, dealing 
with the new duties thrown upon Local Education Authorities 
in this respect by Section 13 of tj}ie 'Education (Administiative 
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Provisions) Act, 1907, and also Circulars 582 and 596 issued 
by the Board of Education in February and August, 1908, 
should be carefully studied. The above Act does not confcr 
powers in supersession of those heretofore exercised generally 
in a public health seuso by Sanitary Authorities under 
previous enactmenj^s; rather it is supplementaiy to existing 
Public H^lth Law in that it requires supervision of the 
health of the individual child. Whore iho is aho 

S.Bf.O. under the Code of Rcgulatitms for Ptiblic Elementary 
Schools, 1908, it may be convenient that the annual report 
which he is required to make in the latter capacity sfaoula be 
issued together with his annual report on the health of his 
district. In any case, whether the is or is not him> 

self the S.M.O., he should slate in his annual report what 
ai'rangements are in force for the discharge of the duties of 
the latter office, and for the medical inspection of children in 
public elementary schools in the district. 

Section 132 of the Factory and Workshop Act, 1901, 
which came into force on January Ist, 1902, requires that 
the of ever)' District Council shall, in his annual 

report to thorn, report specilically on the administration of 
this Act in workshops and workplaces, and ho shall send a 
copy of his annual report, or so much of it as deals with this 
siiniect, to tho Secretary of State.” 

^liie copy should be addressed to the Secretwy of State, 
Homo Office, Whitehall, and tho foregoing remarks with 
resjiect to tiie transmission of the report to the L.GiB. apply 
also to its transmission to the Borne Office. 

The M.O.H. is required to report on the administration 
of the Factory and Workshop Act, 100!, only in so far as this 
administiaiion is in tho bands of the District Council and is 
concerned with matters in his department In reporting oji 
the sanitary odroinistiation of workshops and workplaces 
ho should include an account of the action with respect 
to factories, workshops, alid workplaces token under the 
Public Health Acts ns well as under the Factory imd Work¬ 
shop Act. 

In reportbig on tho sanitary condition of workshops and 
workplaces the H.O.H. should state what artion has been 
taken to remedy any defective conditions met with under each 
heading. He should state whether section 22 of the Public 
Il^th Acts (Amendment) Act, 1890, is in force in the district, 
and what standard of “ sufficiency and suitability” of sanitary 
accommodation is adored locally. ^ 

The rejwrt should state, as regards all exiting undei^;rotmd 
bakehouses, whether they comply with the requirements of the 
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should bo given in the returns. Arrangements must 
be made separately for information of the deaths in 
distant public institutions of residents in the locality. 

Birth returns—Returns should also be obtain^ 
from the registrars, at weekly, montldy, or quarterly 
intervals, of the births registered in such intervals; 
these returns should distinguish between males and 
females, and between legitimate and illegitimate birth's. 
Under the Notification of Births (Extension) Act, 
1915, intimations of births now reach the K.O.K. 
earlier than formerly. 

Notification returns.—Compulsory notification of 
certain inlectious diseases, voluntary notification of 
others, notification from schools, etc., all funiish the 
Medical Officer with information respecting the oc¬ 
currence of such disease. 

Returns of pauper sickness_^^An Order of the 

Ii.O.B., dated February 12th, 1879, requires all 
district and workhouse medical officers appointed 
after February 28th, 1879, €o furnish the 
with returns of pauper sickness and deaths, and 
to notify the outbreak of any dangerous infectious 
disease. The same is i-equired (by an Order dated 
June 14th, 1879) of medical officers of district schools 
appointed after June 24th, lS79. The Guardians 
khould be asked to instruct their clerk to copy from 
the district Medical Officer’s relief lists the new cases 
which are reported at each meeting of the Guardians, 
and to forward the same promptly and regularly to 
the ]E<0-K>, and to instruct the Poor Law Medical 
Officers to give to the II.O.B. the earliest possible 
information of cases of dangerous infectious disease 
under their charge. 

Cases of dangerous infectious diseases occur¬ 
ring on canal boats or in common lodging-houses 
must be reported to the and the S>A< 

have power to make bye-l%w^ requiring notification of 
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such diseases in “tenement” lodging-houses, and in 
vans or tents. 

Weekly returns.— Since .lanuary, 1911, theL.G.B. 
have issued a weekly summary of notifiable infectious 
diseases for thd whole country, which is sent to each 
U.O.R. (in response to his fulfilment of Duty No. 13 
of Art. XIX., see p. 564). / 

Maps. —A good map is essential. It should show 
the boundaries of the district, and of each of its sub¬ 
divisions (whether parishes, townships, registration 
sub-districts, s[)ecial drainage districts, or other) which 
have a bearing upon sanitary administration, and also 
the main sewers and water-mains. Maps showing the 
geology of the district, the contour lines, and the 
different watersheds should be obtained, if possible. 
Maps showing the local distribution of disease and 
mortality have already been refen-ed to. 

Periodical reports, etc, —The annual and quarterly 
repoi-ts of the Registrar-General are indispensable. 
The annual summaries and weekly returns deal only 
with the statistics of the large towns. The official 
reports of the Medical Departments of the 
the Board of Education, and the Horae Office are 
also necessary, Reports of the inspectors of the 
L.Q.B. affecting any part of the district should, 
of course, be obtained, and if the Bt.O.S. be not 
himself also S.K.O. it will be necessary for him to 
study the reports of the school medical service for 
his area. 

Acts of Parliament _In addition to any local 

Acts in force in the district, and all the chief statutes 
dealing with public health, the K.O.H> should be 
familiar with any other Acts which the special circum¬ 
stances of his district may render important.* 

Bye<laws and regulations. —The bye-laws and 

* Lamle^B or Qlnn'it PtfUic Act$. Oleo's L.O.B. Sanitary Ordtr$t 
and the Model Bye-lavt of the UO.B, are valuahle for refei'eo.ce. 
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regulations in force in the district can readily be ob¬ 
tained, and are not less important than the preceding. 

Census data.—^The should be in possession 

of all the information regarding his district given by 
each census taken since its formation.* Arrangements 
should, if possible, be made at the time when the census 
is takenvto obtain a record of the particulars regarding 
each “ enumeration district ” for the use of the S.A> 

Registers. —It is desirable to keep registers showing 
for each village or hamlet the dates and particulars of 
every death, and of every notified case of infectious dis¬ 
ease. In towns this would take the form of a “ street 
and house register.” If eases of disease as well as 
deaths are entered, they may be distinguished by red 
ink. Begisters of notified diseases have already been 
referred to. Registers of all deaths occurring among 
certain trades will greatly facilitate any future in¬ 
vestigation which the ]E.O,H. may have to make 
into the influence of those trades upon mortality. 

The seemingly formidable records mentioned 
above, if well arranged in the first instance, and 
systematically kept, involve much less labour than 
would appear at first sight. They are invaluable in 
inquiries regarding the incidence of mortality and 
disease upon any given locality or occupation, and mate¬ 
rially simplify the preparation of the annual report. 

Auxiliary agencies.— In addition to the rou¬ 
tine work of the X.O.H. there are many auxiliary 
agencies which may be established in his district or 
by his 8. A, which call for more or less of his atten¬ 
tion or will prove of service to him in his work; such, 
for example, are voluntary health societies and chil¬ 
dren’s care committees, the school medical service and 
school nurses, creches, infant milk depdts, maternity 
and infant jrelfare centres, clinics for children, 
tuberculosis centres and dispensaries, bacteriological 
work, chemical analysis, gieleorological stations, in- 
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aurance data from friendly societieb or otherwise, 
reception houses for infectious “contacts,” cleansing 
stations for verminous persons, etc. 

'Voluntary h^lth societies have proved invaluable, 
and much work is now undertaken by them and by thousands 
of “ care committees,” particularly for the medical supervision 
of children and juvenile workers. ^ 

School medical service {>(ee p. 25C). 

Infants* milk depdts.— It would appear that th^ are 
five possible means of supplying a suitable and pure milk for 
infants: (1) By means of Municipal Milk Depots similar to 
institutions at Nancy and Fecamp; (2) by one or more dairy* 
men undertaking to furnish such modified milk (certified) 
under medical supervision ; (3) by obtaining such a supply 
from dried milk; (4) by means of medical “ mdk commissions,^' 
as in tho Dnitod States; or (5) by means of a voluntary 
society supplying such milk under nocossaiy supervision and 
control. 

The French dep<ks are, broadly spoiking, of two types, the 
** consultation denourrissons,” as at Nancy,and the “goutte de 
lait,” as at Fecamp. The latter is the prototype of the infants' 
milk dopots ^tablished in this country and elsewhere, to suc¬ 
cour those infants of the poor for whom breast-feeding is 
practically impossible. The milk is modified, pasteurized or 
sterilized, and served In “oue-feod” bottles, tho amount and 
kind of modification depending upon the age of the infant. 
The beneficial elfoct such milk de{}6ts exert upon infiint 
mortality has boen demonstrated repeatedly. It is, of course, 
eraential that the milk should be adrived from healthy cleap 
cows, and all the dairying carried out on hygienic principles. 

Maternity and chllt^ welfare is now prodded for 
under numerous organizations, such as antenati clinics for 
expectant mothers, maternity centres and hospitals, baby 
clinics and dispensaries, erbehes and day nurseries, nursery 
schools, “schools for mothera,” and a variety of fornu bf 
health visitation. 

Bacteriological laboratories*— The great value of early 
and accurate diaHOOsis in such diseiises as tulieroulosis, diph¬ 
theria, anthrax, enteric fever, and of the bacteriological investU 
gatiou of water, milk, cheese, of sewage and its efiluents, of air, 
etc., has now become generally recognized, with tho result that 
a Public Health Department is not considered fully e<|uipped 
unless it is provided with fiunlities for bacteriologies resear<di, 
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either by establishing a municipal laboratory or by utilizing 
a private laboratory such as those in connexion with hospitals 
and medical schools. Facilities should be provided lor the free 
examination of any materials from infectious cases submitted 
by medical men, and for the provision of prophylactic serum 
or vaccine. • 

Meteorological records (see Chap. II.). 

Duties of Sanitary Inspectors. —The work of 
the Sanitary Inspector (or ‘•'Inspector of Nuisances ”) 
is closely connected with that of the 3S.O.K., but the 
broad Unes separating tliem will be apparent from the 
following definition of the inspector’s duties, formulated 
by the Xi.O.'B., November, 1910 

1. Subject to the directions of the Council, he shall perform, 

under the general supervision of the all the duties 

specially imposed upon an Inspector of Nuisances by the 
Public Health Act, 187<5, or by any other statute or statutes, 
or by the orders issued by the fo fur as the same 

apply to his office. 

2. He shall attend all meetii^s of the Council, or of 
committees ot tho Council, when so required. 

3. He shall by inspection of his district, both systematicdly 
at certain poriods, and at intervals as occasion may require, 
keep himself informed in respect of the nuisances existing 
therein that re<juiro abatement. 

4. On receiving notice of tho existence of any nuUance 

within his district, or of the breach of any bye-laws or 
r^ulations made by tho Council for the suppr^sion of 
nuisances, he shall, as early as practicable, visit the spot, and 
inquire into such alleged nuisance or breach of bye-laws or 
regulations. * 

6. He shall report to tho Council any noxious or offensive 
businesses, trades, or manufactories established within his 
district, and the breach or non-observance of any bye-laws or 
regulations made in respoct thereof. 

6. He shall report to the Council any damage done to any 
works of water supply, or other works belonging to them, 
and also any case of wilful or negligent waste of water 
supplied by them, or any foaling, by gas, filth, or otherwise, of 
water used or intended to be us^ for domestic purposes. 

7. He shall fr^m time to time, and forthwith upon com* 
plaint, visit and inspect the shops and places kept or used for 
the preparation or seiIo of butcMts’ meat, pouOTy, fish, fruit, 
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Togetables, corn, bread, flour, milk, or any other article to 
which the provisions of the Public Health Acts in this behalf 
apply, and examine any animal, carcass, meat, poultry, 
game, flesh, fish, fruit, vegetables, com, bread, flour, milk, or 
other article as aforesaid, which may be therein ; and in cose 
any such article appear to him to be intended for the food of 
man, and to be unfit lor such food, he shall cause the same to 
be seized, and take such other proceedings as may be nece^ry 
in order to have tho same d^t with by a justice/ Ho shall 
also take such a<;tion as it may be necessary for him to take 
by virtue of the provisions of the Public Health (Regulations 
as to Food) Act, 1907, and any regulations made thereunder: 
provided that, in any case of doubt arising under this para> 
graph, he shall report the matter to the with the 

view of obtaining his advice thereon. 

8. He shall, when and as directed by the Council, procure 
and submit samples of food, drink, or drugs, suspected to be 
a lulteratcd, to be analysed by the analyst appointed under the 
Sale of Food and Drugs Act, 1875, and upon receiving a cer¬ 
tificate stating that the articles of food, drink, or drugs are 
adulterated, cause complaint to bo made, and take the 
other proceedings prescribed by that Act. 

9. He shall give immediate notice* to the H.O.H. of 
the occurrence within his district of any infoctioim or 
epidemic disease; and whenever it appears to him that the 
intervention of such officer is necessary, in consequence of the 
existence of any nuisance injurious to health, or of over¬ 
crowding in a house, ho shall forthwith inform the M.O.H. 
thereof. 

10. He shall, subject to the directions of tho Council, attend 
to the instructions of the 3A.O.H. with respect to any measures 
which can bo lawfully taken by an Inspector of Nuisantes 
under the Public Health Act, 1875, or under any other statute 
or statutes, or under any Regulations issued by the L.G.B. 
for preventing the spread of any infectious or epidemic disease. 

11. He shall enter from day to day, in a booK to be provided 

by the Council, particulars of Ids inspections, and of the action 
taken by him in the execution of his duties. He shall also 
keep a book or books, to bo provided by the Council, so Hiranged 
as to form as far as possible a continuous record of the sanity 
conditiou of each of me premises in respect of which any action 
has been taken under the Public Health Act, 1875, or under 
any otffier statute or 8tatat««, or under any regulations issued 
by the and shall keep any other systematic records 

that toe Oouncii may require. 

12. He shall, at all reasonable times, when applied to by the 
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]C>0*H.> produce to him hu books, or any of them, and render 
to him such information as he may be able to furnish with 
r^ipect to any matter to which the duties of Inspector of 
Nuisances relate. 

13. He shah, if directed by the Council to do so, superin* 
tend and see to the duo execution of ail w<A'kB which may be 
undertaken under their direction for the suppression or removal 
of nuisance within his district. 

14. He^diall, if directed by the M.O.H. to do so, remove, 
or superintend tlie removal of, patients suffering from infectious 
disease to an infectious diseases hospital, and shall perform, or 
superintend, the work of disinfection after the occurrenoe of 
cases of infectious disease. 

Id. He shall, if directed by the Council to do so, act, as 
officer of the Council, os local Authority under the Diseases 
of Animals Ahts, 1894 to 1909, the Canal Boats Acto, 1877 
and 18B4, and under any Orders or Regulations made there¬ 
under. 

18. He shall, as soon as practicable 'after the diet of De* 
cemh^ in each year, furnish the M.O.H. with a tabular state¬ 
ment containing the following particulars(a) the number and 
naturo of inspections made by him during the year; {h) the 
number of notices served during the year, distinguii^ing 
statutory from informal notices; (o) result of the service of 
such noUces. 

17. In matteis not specially provided for in ibis Order, 
he shall obset ve and execute any orders and directions which 
may be hereafter issued by the L.Q.S., and the lawful orders 
and directions of the Council, applicable to his office. 

The above statements of duties of Medical OMcers 
and Sanitary Inspectors are general, and are incor¬ 
porated in “The Sanitary Officers (Outside London) 
Order, 1910.” farther detaifs must be sought in the 
Acts, Orders, Bye-laws, and Kegulatious, and in the 
instructions of the 8«A. affecting these officers. It 
is competent for the 8«A. to specialize the work of 
Sanitary Inspectors (e.g. inspection of meat or work- 
shops), or to ap^int women in that capacity. 

In districts possessing a population of 10,000 it 
is generally de^jrable that a whole-time Sanitary 
Inspector should be appointed. In order to secure 
such an appointment the following offices may be 
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oonveniently combined with that of Sanitary Inspec¬ 
tor: Surveyor under Public Health Act (except in 
districts where building operations are very active), 
Inspector under Infant Life Protection Act, In¬ 
spector under Shop Hours Acts, Assistant Officer 
under Unsound B’ood Piegulations, Superintendent of 
Scavenging, etc. It is not usually desirable.to com¬ 
bine the office of Surveyor of Highways witn that of 
Sanitary Inspector. In the case of small districts 
a combined appointment of Sanitary Inspector may 
be made. 



CHAPTER XV til 

V, SANITARY LAW 

Under this heading it is proposed to give a snin- 
mary of the principal Acts of Parliament bearing 
upon public health in general, reserving for con¬ 
sideration in later chapters industrial legislation 
and local bye-laws. 

As elsewhere in this volume, S.A. .stands for 
Sanitary Authority, Ii.Q.B. for Local Government 
Board, and M.O.K. for Medical Officer of Health. 

Public Health Act, l§»S.-pThe whole of 
England and Wales, except London, consists of Urban 
and Rural Sanitary Districts, under the jurisdiction 
respectively" of Urban and Rural S-A.s (s. 5), which, 
in pursuance of the Local Government Act of 1894, 
are now termed Urban and Rural District Councils. 
That portion of the area of a Union which is not in¬ 
cluded in any Urban District constitutes a Rural 
Sanitary District, and the Guardians representing that 
part of the Union are the Rural 8.A. (s. 9). 

Aewers, except certain private sewers, are vested 
in the S.A< of the district \s. 13). The 8.A. may 
purchase (a. 14) or construct (s. 16) sewers. They 
must provide such sewers as are necessary for effectu¬ 
ally draining their district (s. 18). Powers are given 
by s. 27 for the treatment and disposal of sewage. 
The sewers must be so constructed, covered, venti¬ 
lated, and kept as not to be a nuisance or injurious 
to health, and must be properly cleansed (s. 19). 

House draintge. —If any house is without a suffi-' 
oient drain the 8.A. mtwt ,rO(juire the owner or 
686 
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occupier to provide a drain, and may prescribe the 
materials, size, and levels. This drain must lead to 
the public sewer if there be any within 100 ft. of 
the site of the house ; if not, to a covered cesspool in 
such position (itot under a house) as the S.A. may 
direct. Failing compliance, the Authority may carry 
out the works. No house in an urban district must be 
built or occupied until proper covered drains have 
been constructed to the satisfaction of the S.A. The 
S.A. may make regulations as to the mode in which 
connexions between drains and sewors are to be 
made. Upon giving due notice, and complying 
with such regulations, the owner of any promises 
is entitled to carry drains into the public sewere 
(as. 21-25). 

Excrement and refuse disposal,—It is unlawful 
to erect any hoijse without a sufficient water-closet, 
earth-closet, or privy, and an ashpit with projmr doors 
and coverings, and the same must be provided for any 
existing house on the order of the S,A., who may 
require a separate closet for each house (as. 35- 
36). The S.A. may order the provision of separate 
closets for each sex in factories and workshops where 
both sexes are employed (s. 38); this applies also to 
above-ground parts of coal-mines if women and girls 
are employed (Coal Mines Regulation Act, 1872, s. 74). 
The corresponding parts (pit-banks) of metalliferous 
mines are factories or vforkshops. Urban S,A,8 may 
provide public closets, urinals, or receptacles for refuse 
(ss. 39, 46). Every S.A. must see that all drains, 
closets, ashpits, and cesspools are properly con¬ 
structed and kept (s. 40). 

On written complaint that any drain, closet, ash¬ 
pit, or cesspool is a nuisance, the-S.A. may authorize 
their officer to enter the premises (after giving twenty- 
four hours’ notice, except in case of emergency) and 
open the ground; if any defect is found, the S.A, must 
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serve notice upon the owner or occupier; but if there 
be no defect, the S.A. must close the ground and 
make good any damage. 

Scavenging and cleansing. — The SA., may, and 
when required by order of the a)uM, them¬ 

selves undertake or contract for the removal of house 
refuse, th^ cleansing of earth-closets, privies, sishpits, 
and cesspools, and the cleansing of streets (s. 42). 
In that case they are liable to penalty for any delay 
exceeding seven days after written notice from any 
householder. 

Cleansing of houses.—If the IC.O.K. or two 

medical prabtitioners certify that any house or part 
thereof is so hlthy as to endanger health, or that the 
whitewashing, cleansing, or purifying thereof would 
tend to prevent infectious disease, the S.A. may re¬ 
quire the owner or occupier to cleqnse, etc., and in 
his default may themselves do what is necessary 

It is unlawful in an urban district to keep swine 
in any dwelling-house, or so as to be a nuisance, or 
to suffer any waste water to remain within any 
dwelling-house for twenty-four hours after written 
notice from the B.A., or to allow |he contents of any 
water-closet, privy, or cesspool to overflow or soak 
tbsrefrom. In case of default, the B.A. must abate 
such nuisance (s. 47). 

An inspector of nuisances in an urban district 
may give notice to the owner of any accumulation of 
offensive matter, or to the occupier of the premises 
whereon it exis^ and if not removed within twenty- 
four hours, it becomes vested in the B.A. to be 
disposed of by them (s. 49), An urban B.A. 
may give public notice requiring the periodical 
removal of manure or other refuse matter from 
stables or other premises and enforce the same under 
penalty (if. 60). * 
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Water supply.—Any S.A. may* construct works 
for supplying any part of their district with water; 
or may hire or purchase such works, or contract for 
a supply (a, 51); and may require houses to be 
supplied with water when they are without a proper 
supply, if it can be furnished at a cost not exceeding 
the water-rate authorized by any local Act, or two¬ 
pence a week, or such other cost as the L.u.B. may, 
upon application, determine to be reasonable in tbs 
circumstances (s. 62). 

Heavy penalties are incurred by persons pol¬ 
luting any stream, pond, etc., with gas washings 
(s. 68), and a local Authority may proceed against 
anyone polluting any watercourse with sewage 
(s. 69). A Justice’s order may be obtained for the 
closing of a well or cistern the water of which 
is us^, or lively to be used, for drinking or 
domestic purposes, when the water is so pollute as 
to be injurious to health, and the Court may cause 
the water to be analysed at the cost of the g,A. 
(s. 70). 

Cellar dwellings.—Ko cellar built or rebuilt since 
1848 (the date of a previous Act) can be separately 
occupied as a dwelling; nor any cellar whatever, 
unless it comply with the following i-equirements;— 

(a) The height must in every part be at least 
7 ft., 3 ft. of which must be above the level of the 
a^oining street (6) ^n open area at least 21 ft. 
wide in every part, and 6 in. below the level of the 
floor, must extend along the whole frontage. It may 
be crossed by steps, but not opposite the window. («) 
The cellar must be drained by a drain at least 1 ft 
below the floor, (d) There must be proper closet and 
ashpit accommodation, (e) There must be a fire-place 
and chimney, and (/) a window at least 9 sq. ft. in 
area, made to open. The window of a back cellar let 

. * Tbi wording livre 1 b permiulve; but m p. 191. 
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or occupied along with a front cellar need only be 
4- sq. ft. in .area (as. 71-3). 

Anyone passing the night in a cellar is deemed to 
occupy it (s. 74). 

Common lodging-houses.* — The S.A. are re¬ 
quired to keep a register of common lodging-houses, 
and to f make bye-laws in respect of them (ss. 
76-80). It is unlawful to keep a common lodging- 
house unless it be registered (s. 77), and this can 
only be done after it has been inspected and ap¬ 
proved (s. 78). The keeper, when required, is to affix 
notice of registration to the house. 

When the lodging-house is without a proper 
supply of water, and this can be furnished at a rea¬ 
sonable rate, the S.A. may enforce it (s. 81). The 
keeper is required to limewash the walls and ceilings 
in the first week of April and Octqber of every year 
(a. 82). The S.A. may require the keeper of a 
house in which beggars or vagrants are received, to 
make returns of persons who have slept there the 
previous night (a. 83), and the keej)er must always 
give notice to the K.O.H. and to the Relieving 
Officer of any case of infectious disease (s. 84). 

Houses let in lodgings.—Any S.A. may make 
bye-laws respecting houses let in lodgings or occupied 
1^ members of more than one family (s. 90, 
modified by s. 8 of the Housing of the Working 
Classes Act, 1885). ‘ 

Nuisances. —(s. 91.) The following are nuisances; 
—(1) Any premises t in such a state as to be a 
nuisance or injurious to health. (2) Any pool, 
ditch, gutter, or watercourse, privy, urinal, cesspool, 

* Lod^Qg-houMs In which penons of th« poorer elase ere received for 
short period^ and, though atrangern to each other, are allowed to inhabit 
one common cpom. The term does not cover inna, or loddi^ let to the 
middle or upper claaaA. Tn London there are Common £od^ng Hoosei 
Acts, 1801-6, in force, incorporating similar powers, 
t Including htUdtng$ or hndt. 1 
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train,* or ashpit so foul or in such a state as to be 
i nuisance or injurious to health. (3) Any animal 
10 kept as to be a nuisance or injurious to health. 
4) Any accumulation or deposit which is a nuisance 
)r injurious to health.! (5) Any house,J or part of 
I, house, so overcrowded as to be dangerous or in- 
urious to the health of the inmates, wlysther or 
mt members of the same family. § (6) Any workshop, 
vorkplace, or domestic factory, not kept in a cleanly 
itate, or not ventilated in such a manner as to render 
harmless as far as practicable any gases, vapours, 
lust, or other impurities generated in the course of 
the work carried on therein that are a nuisance 
jr injurious to health, or so overcrowded as to be 
iangerous or injurious to the health of those em¬ 
ployed therein. || (7) Any fire-place or furnace which 
does not, as far ^as practicable, consume the smoke 
srising from the combustible used therein, and 
which is used for working engines by steam, or 
in any manufacturing or trade process whatever; 
and any chimney (not being the chimney of a 
private dwelling-house) sending forth black smoke 
in such quantity as to be a nuisance. H 

* ' Drain' meaati any drain of and utied for the drainage of one 

building only, or premlaes within the same curtilage . . . A aewer is a 
drain receiving the drainage of two or more buildings. 

t Tliere is no penalty if the accumulation or dei>osit is necessary lor, 
and has not been kept longer than is necessary for, the cail'ylng on of any 
busiucss or manufactuni, and if ^e best available means have been taken 
for preventing Injury to the pnbnc health. 

t Including schools, and also workshops and other buildings In which 
persons are employed. Dmestio factories also are included. 

{It is customary to adopt tine standards of the Model Byedaws, viz, 800 
cub. ft. per head, counting two children as one adult; but fur work¬ 
shops and workplaces, see p. 672. In the event of a second conviction for 
overcrowding wlthiu three months, the Court may order the closing of 
the premises for any period (a. 1001. 

II The provisions or this subsoctlon apply to all building except such 
as are suDject to the special provisions, relating to cleaminess, ventila¬ 
tion. or overcrowding, of the ^ctory ana Workshop Act. 

1 There is no penalty if the Court is satisfied that such fire-place or 
furnace Is oonstrueted in such manner as to oonsume as fkriu piaoticable, 
having regard to the nature of the inanufheture or trade, all smoke arising 
therefrom, and that such fire-place or fUmaoe has been carefhlly attendca 
to by the person having the charge thereof. 
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Later Acta have extended this definition. Thus work- 
shops or workplaces not kept free from effluvia arising from 
any drain, closet, or other nuisance (Factory Act, 1901, s. 2); 
workshops in any room of which sufflcient ventilation is not 
provided and maintained, or in which the processes carried on 
render the floor wot, and the floor is not«adequately drained 
(Factory Act, s. ^%—tee aho p. 668); tents or vans so filthy 
or overcrowded as to be a nuisance or injurious to health 
(Housingt Working Classes Act, 1885, 8.9), and unfenced 
quarries (Unarry Fencing Act, 1887, s. 3) or unfenced shafts 
of disused metolliferous mines (Metalliferous Mines Regu]a» 
tion Act, 1872, s. 13) within 50 yards of a highway, are 
nuisances under s. 91. 1875. {Se$ al$o Public Health Amend- 
ment«Act, 1907, s. 35.) 

Procedure in respect of nuisances. —It is (1) the 
duty of the S.A. to cause to be made from time 
to time an inspection of their district, to ascertain 
what nuisances exist, but (2) the S.A. may be put 
in motion by any person aggrieved, or by any two 
householders or by any officer of‘‘the 8.A., or by 
the Relieving Officer, or by any officer of the Police. 
(3) If satisfied as to the existence of a nuisance, 
the S.A. must serve a notice on the person responsible, 
orf if he cannot be found, on the owner or occupier, 
requiring him to abate it, and to execute such works 
and do such things as may be necessary. Where the 
nnisance arises from the want or defect of any 
structural convenience, or where there is no occupier, 
notice must be served on the owner. If the person 
causing the nuisance cannot be found, and the owner 
or occupier is not responsible, the local Authority 
may almte the nnisance. (4) If the person on whom 
the notice is served fails to comply, or if the nuisanci^' 
although abated, is likely to recur, the S.A. may apply 
to a Justice, who shall summon the person responsible^ 
and may make an order requiring compliance or 
hibiting the recurrence of the nuisance, and direomg 
the execution of any works necessary. The Odur^ 
inay further impom a penalty .(ss. 92-96), Where 
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the nuisance is such as to render the house unfit 
for habitation, the Court may order the house to be 
closed, and may rescind this by a further order 
when satisfied that the house has been made fit 
for habitation .(s. 97). Any person not obeying the 
order of the Court, or failing to use due diligence, 
is liable to penalty; and the S.A. may carry out 
the order and charge him with the expenses (s. 98). 
Where the person responsible for the nuisance cannot 
be found, the order of the Court may be executed 
by the S.A. Any matter or thing removed by the 
8.A. in abating any nnisimce may be sold. Where a 
nuisance within a district is caused by some act or 
default beyond its limits, the S.A. may, nevertheless, 
institute proceedings (s. 108). 

Ships.—Any ship or vessel lying in any water 
within the district of any S.A. is subject to their 
jurisdiction, as if it were a house.* If in any other 
water, it is deemed to be within such district as 
may be prescribed by the Ii.G.B., and in the absence 
of such prescription, then within the nearest district 
(s. 110). 

Right of entry upon private premises. — The 

S.A. and their officers have rights of entry between 
9 a.m. and 6 p.m., and in the case of a nuisance 
arising in respect of any business, at any hoar 
when such business is in jn-ogress. If admission be 
refused, a Justice’s order may be obtained (ss. 102 
and 103). 

Offensive trades,—It is illegal to establish an offen¬ 
sive trade within the district of an urban S.A. with¬ 
out their consent. The offensive trades are; blood- 
boiler, bone-boiler, fellmonger, soap-boiler, tallow- 

• This section originally brought ships under those proYlelons of the 
Aet that relate to TtvisoTiceionljr; buVtiie Public Health (Slii^) Act, 
1886, extesdefl Ita acotie to include also ittfectious diseases and hospital* 
(ss. 120. 181,184,186, 126,128, 181.182, and 188). 

2 u 
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inelter, tripe-boiler, any other noxious or offensive 
trade, business, or manufacture (s. 112). An urban 
S,A, may make bye-laws with respect to such trades 
as have been established with their consent,* to 
prevent or diminish nuisance aiusing therefrom 
(s. 113). If the or two medical prac- 

titioners^ or ten inhabitants, certify that any of the 
premises' named below are a nuisance, or injurious 
to health, the S.A1 must take proceedings against the 
offender, who is liable to penalty unless he can show 
that h,e has used the best practical means for abating 
such nuisance, or preventing or counteracting such 
effluvia. The premises in question are ; candle-house, 
melting - house, melting - place, soap - house, slaughter¬ 
house, any building or place for boiling offal or blood, 
or for boiling, burning, or crushing bones, or any 
manufactoiy, building, or place used for any trade, 
business, process, or manufacture,' causing effluvia 
(s. 114). The same powers are applicable in the case 
of nuisanc^ affecting the inhabitants of a district, but 
resulting from premises situated beyond the lim^ of 
the district. ” 

[As regards the prohibition (a 112) of the 
establishment of any given trade without the con¬ 
sent of the S.A„ it is incumbe&t upon the prose- 
.oating authority to show that the trade is either one 
of those S|)ecifically mentioned above, or yutdtm 
generis with themj that is, that it is necessarily an 
offensive trade apart from neglect or mismanagement. 
The higher Courts have held that this is the cose with 
rag-and-bone stores for example, but not with brick- 
making, manure works, or fish-frying. Nevertheless, 
it very large number of trade processes to which .the 
above restriction may be considered inapplicable will 
come within the soope of a 114, if it can be shown 

* At thli eoDtent only htoame nwMuryia lS48,tlM ty«-lsn titn bsly 
tpply to tmtM esttbtltteC tlnce that 4^ 
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that they are carried on so as to give rise to efflurium 
nuisances.] 

Unsound food.—The K.O.H. or Inspector of 
Nnisances may, at all reasonable times, examine any 
animal,* carcass; meat, jamltry, game, flesh, fish, fruit, 
vegetables, com, bread, flour, or milk, exposed for sale, 
or deposited few the purpose of sale, or of prmaration 
for sale, and intended for the food of man; md may 
seize the same if diseased, unsound, or unwholesome, 
and take it to a magistrate, who may order it to be 
destroyed, and inflict a penalty upon the offender. 
The proof that it was not intended for the food of 
man rests with the person charged (ss. 116, 117). 
Any person obstructing is subject to penalty (s. 
118). On complaint made on oath a Justice may 
grant a search warrant to the M.O.X. or Inspector. 

[Eggs, butter, cheese, and other important articles 
of rood ai'e not mentioned specifically, and are there¬ 
fore not included in the scope of the Act. No pro¬ 
ceedings cau be taken in regard to articles already 
sold. Both these defects are avoided in the Public 
Health Acts Amendment Act of 1890, and in the 
Public Health (London) Act, 1891.] 

infectious diseases. — Upon the certificate of 
the 1S.O.H. or other medical practitioner that 
the cleansing and disinfecting of any house or prt 
thereof, and of any articles therein, would tend to 
prevent infectious diseases, it is incumbent on the 
S.A. to serve notice upon either the owner or occupier, 
requiring him to cleanse and disinfect. A penalty is 
incurred by default, and the S.A. may do what is 
necessary and recover the costs, or may undertake 
this duty in the first instance, with the consent of 
the occupier, at their own cost (s. 120). The SJk. 
may destroy infected bedding, qlothing, or other arti- 
oles, and give compensation (s. 121); may provide 
* living animals may tie seized uudez tSls aenUon. 
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a disinfecting apparatus and disinfect free of charge 
(a. 122) ; may provide an ambulance and pay expenses 
of conveyance of any infectious persons to hospital 
(s. 123). 

Where a hospital is provided within convenient 
distance, a Justiee may, on the certificate of a medical 
practitic^er, order the removal of any person who is 
suffering from any dangerous infectious disorder, and 
is without proper lodging or accommodation, or 
lodged in a room occupied by more than one 
family,* or is on board any ship or vessel (s. 124). 
The S.A. may make regulations for removing to 
any available hospital, and for keeping there as 
long as necessary, any persons brought within their 
district by vessel who are infected with a dangerous 
infectious disorder (s. 125). 

It is unlawful for any person so suffering to 
expose himself wilfully, without proper precautions 
against spreading the disorder, in any street, public 
place, shop, inn, or public conveyance, or to enter 
any public conveyance without previously notifying 
to the owner, conductor, or driver thereof that he is 
so suffering; or, being in charge of any person so 
suffering, to expose such sufferer, or to give, lend, 
sell, transmit, or expose without previous disinfec¬ 
tion any bedding, clothing, rags, or other things which 
have b^n exposed to infection from any such dis¬ 
order; but this does not apply to the transmission 
with proper precautions of articles for the purpose 
of having them disinfected (s. 126). The owner 
or driver of a public conveyance so used is required 
under penalty to have the same iinmediately disin¬ 
fected, but he need not convey any person so suffering 
until he has been paid a sum sufficient to cover any loss 
or expense incurred by him (s. 127), Any peiaon 

* Thio deteU In omitted bo laperflQOQa ia the Londoo Aot of 1891; hot 
loflgment in ft tent or van la made per 4 |« maon for removal. 
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who knowingly lets for hire any house, or room, in 
which any person has suffered from such disorder, 
without having it and the contents disinfected to 
the satisfaction of a medical practitioner as testified 
by a certificate signed by him, is liable to penalty 
(s. 128). Any person letting or offering for hire 
any house, or part of a house, who on being qiipstioned 
as to the fact of there being, or within six weeks 
previously having been therein, any person suffering 
from any dangerous infectious disoiffer, knowingly 
makes a false answer to such question, becomes liable 
to penalty or imprisonment (s. 129). 

Special regulations of L.a.B.—The L.Q.B. may 
make regulations for the treatment of persons affected 
with cholera, or any other epidemic, endemic, or in¬ 
fectious diseases, and for preventing the spread of such 
diseases as well on the seas, rivers, and waters of tha 
United Kingdom, and on the high seas within three 
miles of the coast thereof, as on land, and may 
declare by what Sanitary Authorities such regula¬ 
tions shall be enforced and executed (s. 130). Cholera 
Regulations have been issued under this section 
(p. 641) 

Furthermore, whenever any part of England ap¬ 
pears to be threatened with, or is affected by, an^ 
formidable epidemic, endemic, or infectious disease, 
the L.O.B. may make,,and from time to time alter 
or revoke, regulations for any of the following 
purposes, viz.: for the speedy interment of the dead, for 
house-to-house visitation, for the provision of medical 
aid and accommodation, for the promotion of cleans¬ 
ing, ventilation, and disinfection, and for guarding 
against the spread of disease; and may by order 
declare all or any of the regulations so made to be 
in force within the whole or any part of the district 
of any SJk., and to apply to any vessels whether 
on inland waters or on parts of the sea within 
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the jurisdiction of the Lonl High Admiral of the 
United Kingdom (s. 134). The 8.A.a are required 
to do everything that is necessary to carry out these 
regulations. 

Hospitals,—Any S.A. may builJ or contract for 
the use of hospitals for their district. Two or more 
S.A>s niOy combine for this purpose (s. 131). The 
S.A. may recover from a patient, who is not a 
pauper, the cost of his maintenance (s. 132). The 
S.A. may with the sanction of the Ii.O.B. them¬ 
selves* provide or contract for a temporary supply of 
medicine ai^d medical assistance for their district (s. 
133). (See also Isolation Hospitals Acts, pp. 281-3.) 

Mortuaries.— Every S.A. nuiy, and, if required by 
the la.G.B., must, provide a mortuary, and may make 
bye-laws with resi)ect to its management and charges 
for its use. They may also provide for the decent 
and economical interment, at charges to be fixed 
by such bye laws, of any dejid body which may 
be received into a mortuary (s. 141). A Justice 
may, on a certificate signed by a practitioner, order 
to be removed to a mortuary, at the cost of the 
S.A., (1) the body of anyone who has died of 
any infectious disease, and wbsch is retained in 
a room in which persons live or sleep, or (2) any 
dfead body which is in such a state as to endanger tlie 
health of the inmates of the Ijouse or room in which it 
is retained. He may direct the same to be buried 
within a specified time. If the friends fail to comply, 
it is the duty of the Relieving Officer to bury, and the 
exjienaea may be recovered from the proper person 
(s. 142). The S.A. may provide a place for the post¬ 
mortem examination ordered by a coroner. 

New streets Md buildings. —In urban districts all 
public streets ^.e.’those reparable by the inhabitants 
at large) are vested in the,JBJt.,„who.s^If cauK them 
to be levelled, paved, and. rtpaired, as occasion may 
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require (s. 149). The owners of property abutting 
on any private street or part of a street may be 
required by the (urban) S.A. to level, jmve, sower, 
light, or make good such street or part of a street; and 
in case of default the 8.A. may carry out the work 
and recover Ae expenses from the owners accord¬ 
ing to the frontage of their respective ^premises 
(s. 180). An urban B.A. may make bye-laws with 
regard to new streets and buildings. For the purposes 
of the Act the re-erection of any building palled 
down to or below the ground door, or the conversion 
into a dwelling-house of any building not originally 
constructed for human habitation, or the conversion 
into more than one dwelling-house of a building 
originally constructed as one dwelling-house only, 
shall be considered the erection of a new building 
(s, 159). . 

Oangerousstructures.*—The surveyor of an urban 
8.A., if satisfied that any building or wall is in a 
ruinous state so as to Ix) dangerous to passengers or 
to the inmates of neighbouring houses, shall cause 
a fence to be put up, and shall order the owner forth¬ 
with to secure or pull down such building; and in 
default thereof the surveyor may obtain a Justice’s 
order to carry out the necessary works, and may 
recover the expenses. (Towns Improvement ClansJs 
Act, 88. 75-78, incorporated with the Public Health 
Act by a 160 of the latfer.) 

Rain-pipes and eaves-gutters.—An urban 8.A> 
may compel the owner of any building adjoining or 
near to a street to provide within seven days efficient 
eaves-gutters and rain-pipeS. (Towns Improvement 
Clauses Act, a 74; Public Health Act, a 160.) , , 

Slaughter-houses. — An urban 8. A. may provide 

* IbcMand loineof the tollowing pravUione are sot to be found hi Uie 
text of the Public Health Act, but in the incorporated per^a of 

Xm^rorememt ClauBea Act. . ^ ^ 
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abattoirs or slaughter-houses, and if they do so must 
make bye-laws with respect to management and 
charges (s. 169). They may also license slaughter¬ 
houses and knackers’ yai'ds, and without their 
licence no place shall be used for "such purposes 
which was not so used at the time of the passing of the 
Act, i.e. ip 1875. Every place used as a slaughter¬ 
house or knacker’s yard shall be registered by the 
owner or occupier in a book kept by the 8.A. 
An urban S.A. must make bye-laws in regard to 
slaughter-houses and knackers’ yards. If any pereon 
is convicted of killing or dressing any cattle contrary 
to the provisions of the Public Health Act, or of the 
non-observance of any of the bye-laws or regulations 
made under this Act, the Justices before whom he is 
convicted may suspend the licence for two months or 
less, and in the event of a second offence may revoke 
the licence. (Sections 125-130 Towns Improvement 
Clauses Act, incor|K>rated in th? Public Health Act 
by virtue of s. 169.) 

A legible notice bearing the words Licensed 
Slaughter-House or Registered Slaughter-House must 
be attached and maintained in some conspicuous place 
on every registered slaughter-hous* by the owner or 
occupier (s. 170). 

* Combination of Sanitary Authorities for appoint, 
ment of M.O.H.—The L.Ci.B. may (compulsorily or 
otherwise) unite two or more districts situated wholly 
or partially in the same county, for the purpose of 
appointing a but no urban district with 

more than 26,000 inhabitants shall be included with¬ 
out the consent of the S.A., and in the event of any 
SJk. objecting to being included, tho L.Ci.B, can 
only include their district by means of Provisional 
Order subject to confirmation by Parliament (& 286). 

A 8<A. may delegate all or apy of their powers to 
a committee of their own members (ss. 200 and 201); 
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and a rural Authority may form parochial committees 
consisting wholly or partially of their own members, 
and may give to such committees certain limited 
sanitary functions (s. 20'2). {See p. 614.) 

Urban powers for rural districts.—The L.Q.B. 
may give to a rural S.A., os regards the whole or part 
of their area, any powers and re.sponsibilities tonferred 
by this Act ujkui urban S.A.B (s. 276). 

Special drainage districts.—A riual S.A. may, 
with the consent of the L.Q.B., constitute any portion 
of their area a special drainage district for the purpose 
of charging thereon exclusively the expenses of works 
of sewerage, water supply, or other works which may 
be declared by the I 1 .G.B. to be special expenses, and 
thereupon such area shall become a separate contribu¬ 
tory place ( 3 . 277). The S.A. have also power to 
declare expenses* which they have incurr^ to be 
private improvement expenses, and to charge a special 
private improvement rate in lespect thereof upon the 
estate beneEtcd (ss. 213 and 232). 

Union of districts for sanitary purposes.—Joint 
boaids may be formed,' by order of the li.O.B., for 
the purpose of water supply or sewerage, or for other 
purposes of the Public Health Act, as applied to a 
district comprising the whole or parts of two or mo^ 
sanitary districts (s. 279). Under this section joint 
Hospital Boards may bq formed. 

Default of S.A.—If satisfied, after due inquiry, 
that any S JL. have made default in providing or main¬ 
taining sewers, or in providing and maintaining a 
supply of pure water,* or in enforcing any provisions 
of the Public Health Act which it is their duty to 
enforce, the L.G.B. shall make an order limiting a 
time for the performance of their duty in the matter. 

* In eaM« where danger arises to the health of the inhabituts ftotu 
tbs fnsQflbiieoojr or unwh^esomeoess of the existing suppijr of water, and 
a proper sapplf can be got at a reasonable cost.'' 
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If such duty is not performed in the time allowed, 
the order may either be enforced by writ of mandamus, 
or the Xi.Q,B. may appoint some person to perform 
the work, and charge all expenses to the Authority in 
default (s. 299). 

[The 7tb section of the Housing of the Working 
Classes Afct, 1885, has a wider scope] 

Port Sanitary Authority.—The L.O.B. may, by 
order, constitute any S.A. whose district abuts upon 
any port in England the 8.A. for the whole or for any 
part of such port. The Board may also combine two 
or more ripajian Authorities for the purpose; or may 
constitute one Port S.A. for any two or more ports. 
The Authority may be constituted permanently or 
temporarily. The order constituting the Authority 
may assign to it any of the powers or duties of an 
urban S.A. so far as applicable to a Port S.A., and 
to vessels, waters, or persons within its jurisdiotioh. 
—namely, ainder ss. 91-111 (nuisances), 120-133 
(infectious diseases and hospitals), 134-138 (preven¬ 
tion of epidemic diseases), 141-142 (mortuaries), 182- 
186 and 188 (bye-laws), 189 (appointment of H.O.H. 
and Inspector of Nuisances), and other sections.* 

The Public Health Act, 1^96, repeals the 
old Quarantine Act of 1825, and extends the powers 
o{ the B.<!I,B. to make oilers under ss. 130 and 
134 of the 1875 Act, dealing with epidemic, endemic, 
or infectious diseases. Accordingly (see p. 641), 
regulations as to cholera, yellow feyer, and plague 
were issued in an Order dated 1896, and renewed 
September 9tfa, 1907. 

The Public Health (Ports) Act, 1899, 

enables the 1>.0.B- to issue orders making all or 

*Tlie-|)owerBiinddutieiiofa Port 8.Ae and Its ofBoera coiuiit priinari^ 
of ttaoM conferred b; such M the speci&pd. portions of the Ftihtlo Healtn 
Act as the particolar^rder may decide. They wee extended by the 
Cholera ftMulatiotis (p. HI), and the Order prescribing Uw dunw of 
the P<N^ K.O.Ba A ship enmea within tSe dedaition of **boi 2 Be‘* Cor 
many parp<^. * 
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any of the proviaions of the Infectiona Diseases 
Prevention Act, 1890, applicable to any Port Sani¬ 
tary Authority. 

The Public Health Acts Ameadment Act, 
1890, is an “ adoptive ” Act, of which Part iii, is con¬ 
cerned with sanitary matters. Urban S.A.a may by 
resolution adopt any part of the Act; rural .Authorities 
can adopt those powers which are not expressly 
limited to urban districts, and, as regards the rest, can 
apply to the L.0.B. for full urban powers in the same 
manner as under the ISTl) Act. The following are 
the chief provisions of Part m.;— 

Sewers.—It is unlawful to pass into any drain or 
sewer (a) any substance which may injure it or impede 
the flow of its contents; or (b) any chemical refuse, or 
waste steam, or water or other liquid heated above 
110 ° P., which cither alone or in combination with 
sewage causes a nuisance or is dangerous to health. 

Closets, etc,—Where any sanitary convenience is 
used in common by the occupants of two or more 
houses, any person fouling or injuring it is liable to 
(lenalty; and if nuisance arises from want of cleanli¬ 
ness of any part of it or of the approaches, each of the 
persons having the right of use is liable to jienalty, in 
the absence of proof as to which of them is in default. 
Sufficient and suitable sanitary conveniences must 
be provided in all f|ctoriM and workshops; with 
separate accommodation for each sex, where persons of 
both sexes are employed (s. 22). 

Bye-laws.—Urban S,A.s n>»y make bye-laws 
respecting public sanitary conveniences provided by 
them.. S^iou 157 of the 1876 Act is extended so as 
to enable any urban S.A. to make further bye-laws 
concerning new buildings, upon the following points: 
(a) adequate water supply to blosets; (6) construction 
of floors, hearths, and stoiroases; (c) height rooa» 
intended for habitation; (d) paving of and (^pen 
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spaces in connexion with houses; («) provision of 
secondary approaches to houses, for the purpose of re¬ 
moving refuse. It is further provided that bye-laws 
respecting closets and drainage may be made applic¬ 
able to old as well as new houses. .Similar power 
of framing bye-laws respecting buildings (under 
8 . 157 as Jmended) is given to rural 8.A.a, but with 
certain exceptions. [Apart from this the Ii.Q.B. 
can, as already stated, grant full urban powers to 
rural Authorities.] Any S.A. may make bye-laws to 
prevenf buildings erected in accordance with bye-laws 
from being altered in such a way that if at first so 
constructed they would have contravened the bye-laws. 

An urban S.A. may make bye-laws respecting the 
carriage through tho streets of offensive matter or 
liquid, prescribing (a) certain hours for such removal, 
(b) proper construction and covering ef the receptacle 
used for the removal, and (c) the cleansing of any 
place fouled by matters dropped or spilled. 

Any S.A., themselves undertaking or contracting 
for the removal of house refuse, may make bye-laws 
imposing upon the occupier dutie.s in connexion with 
such removal 

Polluted sites.—No new building may be erected 
Uf^n ground impregnated with animal or vegetable 
matter, or upon which such matter has been deposited, 
unless such matter has been (properly removed or has 
become innocuous. If (in an urban district) any por¬ 
tion of a room is immediately over any privy (not 
being a water-closet nr earth-closet), cesspool, midden, 
or ashpit, it is illegal to occupy it, or suffer it to be 
occupied, as a dwelling-place, sleeping-place, work¬ 
room, or place of business. 

Cleansing of common passages.—If in an urban 
district any private court or passage, leading to the 
back of several buildings separately occupied, is not 
regularly and effectually sw^t and kept clean, the 
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8 .A» may cause it to be swept and cleaned, and re¬ 
cover the expenses from the occupiers. 

Pollution of streams by solid refuse.—It is for 
bidden “ to throw or place.... in any .... water¬ 
course, within lany district in which this part of this 
Act is adopted, any cinders, ashes, bricks, stone, rub¬ 
bish, dust, filth, or other matter which is likely to 
cause annoyance.” ^ 

Pood.—Sections 116-119 of the 1875 Act are ex¬ 
tended so as to apply to “ all articles intended for the 
food of man, sold or exposed for sale, or deposited in 
any place for the purpose of sale, or of preparation for 
sale.” A Justice may condemn any such article and 
order it to be destroy^, if satisfied that it is diseased, 
unsound, unwholesome, or unfit for the food of man, 
even if it has not been formally seized under s. 116. 

Slaughter-houses.—Licences granted after the 
adoption of thiS Act are to remain in force only for 
such period, not being less than a year, as the B.A. 
shall specify in the licence. Every change of occupa¬ 
tion of a licensed slaughter-house must (under penalty) 
be notified in writing to the Inspector of Nuisances; 
and notice of this requirement must be endorsed on 
all new licences. If the occupier of any licensed 
slaughter-house is convicted under ss. 116-119 of the 

1875 Act, the Court may levoke the licence. , 
Common lodglng-housesi—A penalty is imposed 

upon the keeper if he fails to give notice of any case 
of infectious disease, os required by s. 84 of the 

1876 Act 

The Act does not apply to London. 

The Pobllc Health Acts Amendment Act, 
l»Ot, is also an “ adoptive ’’ Act in the sense that 
8.A.S may apply to the &.O.B. to make an Order 
for its enforcement as regards Parts l.—VI. The 
Act does not apply to London. Parts vil. (Police), 
vm. (Pire Brigade), and ix. (Sky Signs) are enforce- 
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able by the Home Secretary. Part i. deals with the 
general application of the Act. Fart ii. concerns 
streets and bnildings, and provides for deposit of 
plans, means of access, repairs, enclosing dangerous 
places, fencing lands, renaming, temporary buildings, 
etc. The only strictly sanitary clause in this Part is 
for the efleotual paving and drainage of subsoil or 
surface of'yards of dwelling-houses. 

Part HI. contains the chief sanitary provisions. 
S. 35 adds to the nuisances enumerated in the Public 
Health, Act, 1875, any eisteni used for the supply of 
water for domestic purposes so placed, constructed, or 
kept as to render the water therein liable to con¬ 
tamination likely to cause risk to health ; any gutter, 
drain, shoot, or stack-pipe so defective as to cause 
dampness to a building; and any deposit of material 
in or on any building or land which shall cause a 
dampness dangerous or injurious td health. Bain- 
water-pipes must not be us^ os soil-pipes (s. 36), nor 
must water- or stack-pipes be 'used as ventilating 
shafts (s. 37). S. 39 deals with the provision of 
sufficient and proper water-closet and slop-closet 
accommodation in new and old buildings, and power 
is given to S.A.a to require the provision of 
urines to public-houses and similtr establishments. 
Or report of defective or suspicious drainage, tests 
may be applied (except the water test), subject to 
consent of owner or occupier, or by order of a Court 
of summary jurisdiction, and provision is made for 
filling up old cesspools. The S.A. may provide and 
maintain public sanitary conveniences in or tinder 
streets. By a 48 the Authority must remove trade 
refuse if required by owners or occupiers so to do. 

Yariotts new powers are given in Part iv, ah to 
infectious diseases. Tf any person knows that he is 
sufibrihg from an^nfectious disease he may not engage 
in any industrial occupation .uitless he can do so 
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withoht risk of spreading infection. If the M.O.B. 
certiftes to the S,A. tlmt milk is suspected of con¬ 
veying infection, the S.A. may require tlie dairyman 
to furnish a list of sources of his milk supply, for 
which he shall he paid 6d. for every 25 names. Eveiy 
dairyman shall notify to the S.A. the occurrence 
of all cases of infections disease among his ^servants. 
Infected clothes may not be sent, unless dSinfected, 
to a public laundry. S. 57 provides that no child 
snSering from infectious disease or who has been 
exposed to infection shall, after notice from the 
K.O.K.) be sent to school without a certificate from 
the IE.O.H., and if the S.A. require it the head 
teacher of a school shall furnish (for fid. per 25 
names) a complete list of the names and addresses 
of the scholars in a school in which any scholar is 
sufiering from an infectious disease. Persons suffer¬ 
ing from infectiSus diseases shall not use any book 
from a public library or enter any public vehicle; in 
the latter case both patient and driver being held 
responsible. If any public vehicle be so used it must 
be disinfected. Extended powers for cleansing and 
disinfecting premises are also given ; for the manage¬ 
ment of common lodging-houses; for the provision 
of recreation grounds; for policing streets; for fire 
brigades; and for sky signs. ' * 

The Inflectious DIsciims Prevention Act, 
IffM, is another adoptive or optional Act; and any 
extra-metropolitan S.A. may by resolution adopt all 
or aiiy of its sections, and may by further resolutibn 
rescind them. For London its le^ing provisions life 
contained in the Public Health (London) Act. The 
infectious diseases to which this Act applies are these 
specified in (or added to) the Infectious Diseases 
Notification Act. The principal provisions are as 
follows:—' 

Mint supplies.— If the has reasbp to 
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believe that the oonaumption of milk from any dairy* 
(within or without his district) has caused or is likely 
to cause infectious disease to any person residing in 
the district, he may (if authorized by a J ustice having 
jurisdiction in the place where the ,(lairy is situate) 
inspect the dairy. He may further, if accompanied 
by a veterinary surgeon, inspect the animals therein. 
If after inspection he is of opinion that infectious dis¬ 
ease is caused by consumption of the milk, he must 
report to the S.A., forwarding also any re()ort fui'- 
nished to him by the veterinary surgeon. The 8.A. 
may then give not less than 24 hours* notice to the 
dairyman to appear before them, and show cause why 
the supply of the milk in their district should not be 
prohibited. If, in their opinion, he fails to show such 
cause, they may order accordingly, and must give 
notice of the facts to the 8.A. and the County Council 
of the district in which the dairy is 'situate, and to the 
U.CI.B. The order must be forthwith withdrawn on 
the 8.A. dr the X.O.K. being eatisfied that the milk 
supply has been changed, or that the cause of infection 
has been removed. Penalties are provided for con¬ 
travention of this section of the Act. 

DUInfectlon.— Where the or any re^ 

tered medical practitioner oertifidS that the cleansing 
and disinfection of any house, or part thereof, and of 
any articles therein, would tend to prevent infection, 
the 8-A* may, after 24 hoars’ notice to the owner 
or occupier, proc^d to carry out such disinfection or 
cleansing, unless within that time he informs the 
8.A. that he will, within a period fixed in the notice, 
himself carry out the work to the satisfaction of the 
M.O.K. If he fail to do this within the specified 
period, it is to be done by the officers of the S,A,, 


• Inclndlng »ny *rm, Hmnhome, cowshed, milk store. mll'M^. ol 
other place from which milk is eupplled or in which It le kept ft>r the 
purpoieofnl^ 
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under the superintendence of the X.O.B., and the 
expenses may be recovered. Power of entry between 
10 a.m. and 6 p.m. is given for the purposes of this 
section. Where the section is adopted, the lilOth 
section of the Public Health Act, 1875, is repealed. 

The 8.A. may, by written notice, require (under 
penalty) any infected clothing or other arthdes to be 
deliver^ to their officer for disinfection. The B.A. 
must take away, disinfect, and return such articles 
free of charge, and, in the event of any unneoessaiy 
damage, must compensate the owner. 

Any person who shall cease to occupy any house 
or room in which any person has, within six weeks, 
been suffering from any infectious disease (a) must 
have such house or room (and all articles therein 
liable to retain infection) disinfected to the satisfac¬ 
tion of a registered medical practitioner, as testified 
by a certificate signed by him; (ft) must give to 
the owner notice of the previous existence of such 
disease; and (c) must not knowingly make a false 
answer when questioned by the owner, or by any 
person negotiating for the hire of the house or room, 
as to there having, within six weeks previously, been 
therein any person suffering from any infectious 
disease. Penalties are provided in each case. The 
8.A. must give notice of the provisions of this 
section to the occupier pf any house in which they 
are aware there is a person suffering from an infec¬ 
tious disease. 

Prompt interment.—The body of a person who 
has died of any infectious disease must not, without. a 
certificate from the X.O.Xt or a registered' medical 
practitioner, be retained for more than 48 hours else¬ 
where than in a mortuary, or in a room not used at tbe 
time as a .dwelling-place, sleepiirg-plsce, or workroom- 
la such oases, and i^o where any corpse is retained ip 
a building so as to endanger the health of the iami^ti||» 
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a Justice may, upon the application of the K.O.H., 
order the body to be removed by the 8, A, to a mortuary, 
and to be buried within a specified time. Unless the 
friends undertake to bury, and do bury within the 
specified time, the relieving officer must do so. The 
body of any person who has died from infectious disease 
in a hoiipital must not be removed except for imme¬ 
diate interment or to a mortuary, if the K.OiK. or 
a registered practitioner certify that such restriction 
is desirable for preventing infection. The body of any 
perscm who has died from an infectious disease must 
not be conveyed in any public conveyance (other than 
a hearse) without due warning to the owner or driver, 
who must forthwith provide for disinfection. 

Detention In hospital.—Any person suffering from 
any infectious disease, and being an inmate of a hos¬ 
pital for infectious diseases, and lyho upon leaving 
would be without accommodation in which due pre¬ 
cautions CQuld be taken against the spread of infection, 
may, by order of a Justice, be detained in hospital {at 
the cost of the S. A.) for any specified period, and such 
period may be extended as often as necessary. 

The 8.A. shall provide free temporary shelter, 
with any necessary attendance, /or the members of 
any family in which infectious disease has appeared, 
who have to leave their dwelling to allow of die. 
infection by the S.A. , 

Infectious rubbish must not be thrown into any 
receptacle for refuse without previous disinfection. 
Notice of this prohibition must be served by the S,A. 
upon the master of any house in which there is any 
case of dangerous infections disease. 

The niidwlves Act, 1909, provides for the 
training of midwives and the regulation of their 
practice. The .Central Midwives Board (under the 
Privy Council) publishes an o^cial Boil of midwives, 
holds examinations, issues •and cancels certificates. 
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regulates training, supervises practice, and publishes 
rules. The Roll consists of those who have passed 
the C.M.B. examination (now about 21,000) or have 
fulfilled certain prescribed conditions at the time of, 
or within two years after, the passing of the Act 
(another 19,000). Of the 40,000 midwives enrolled, 
about 12,000 are in practice. The Board ma^suspend 
or remove midwives from the Roll. Every County 
Council and County Borough Council is the “ local 
Supervising Authority ” over midwives in their area. 
In addition to the annual registration of midwives, 
the following duti(« are imposed upon the Authority 
by s. 8 

(a) To exercise general supervision over all 
midwives pi’actising within their area, in ac¬ 
cordance with the Rules laid down under 
the Act. • 

(b) To investigate charges of malpractice, negli¬ 
gence, or misconduct on the part of any 
midwife practising within their area, and, 
should a prima-facie case be establislied, to 
report the same to the Central Midwives 
Board. 

(c) To suspend any midwife from practice, in 
accordance with the Rules under this Ao^ 
if such suspension appears necessary in order 
to prevent the spread of infection. 

(d) To report oflTences, to correct addresses, and 
to notify deaths of midwives. 

The local Supervising Authority may delegate, 
with or without conditions and restrictions, any of 
their powers or duties to a Committee appointed by 
them, consisting wholly or partly of members of the 
Authority (women being eligible). A County Council 
may likewise delegate to any’District Council within 
their area (s. 9). Certified midwives must give notice 
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of their intention to practise to the local Sanitar} 
Authority or the body to whom their duties havt 
been delegated. The Midwives (Scotland) Act, 1915, ii 
modelled on the English Act, but provides in. addition 
for reciprocal treatment of midwives certified in othei 
parts of the British dominions, for facilities for 8U8> 
pension i^om practice, for certain financial payments, 
for powers of entry for inspection of lying-in homes, 
and for a more elastic organization of the Oentral 
Midwives Board for Scotland. 

The‘Rules of the Central Mid^ves Board, 1916 , 

regulate the proceedings of the Board, and the training, certi¬ 
fication, and euperviaion of midwiree. The course of training 
must extend over at lo(ut six months, and must include attend¬ 
ance at twentf lahours and the nursing of twenty lying-in 
women and their infanta for the ten days following labour; 
attendance at twenty lectures on elementary anatomy and 
phvsiology of female pelvis and organs, hygiene and diseasef 
of prei(nancy, the management of labour and the puerperium 
(mechanism, oourso, signs, and symptoms], obstetric emer¬ 
gencies. puer[)eTal fever, venereal disease, antiseptics, disinfec¬ 
tion, care of infancy, etc. The period of six mon^a is reduced 
to four for hospital nurses of three y^irs* training. Candidate 
for examination must be not under 21 years of age, of good 
character, and of sufficient general education. Midwives maji 
be removed from the Roll for certain offences and for disobey¬ 
ing the Rules. Inquiry is made into ^eir conduct by the 
B^rd and the local Supervising Authority; under specified 
conditions names may m restored to the Roll. 

The regulations as to supervision include (e) direction te 
midwives concerning their persaial health and deanlinesi, 
care of instruments, and prejMiratory and instructional visita¬ 
tion of premmnt woman before delivery; {b) duties to the 
patient; ( 0 ) duties to the child; (<f) conditions in which medical 
assistance most be obtained (in regard to complications of 
pregnancy, labour, lying-in, and the care of the diild); and 
(s) me necessary notification to the local Supervising Authority 
when medical advice has been needed, when the death m 
mo^er or child (including stillbirth) has occurred in the 
absence of the pni^timier, when the midwife has prepared a 
dead body for burialr or when there is a liability to puerperal 
or other in^tion (after the oocuirence^^f which there must be 
effective disinfection of person, olntmng, and instruments). 
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The local SuperTisiBg AutboritT^ must secure proper iospectioa 
of every miowife’s case-book, baff of appliances, and, where 
necessary, her residence and mode of practice. Under the. 
Notification of Births Acts, 1907 and 1915. it is the duty of the 
midwife to notify the birth of the child to the Medical Officer 
of Health within fbirty-six hours of ite occurrence: under the 
Public Health (Ophthdmia Neonatorum) BeguUtions, 1914, to 
notify similarly^ an^ case of ophthalmia neonatorum, if not 
notified by the medical practitioner; and under th(f Infectious 
Diseases Notification Acts, 1889 and 1899, to notify the occur¬ 
rence of puerperal or other fevers. 

The necessity for skilled midwifery is obvious in view of 
maternal and infant mortality and disease. In 1915 the deaths 
assigned to pregnancy or childbirth numbered 3,408, one-third 
being due to puerperal fever, in addition there were 881 
deaths.of women at childbirth due to associated conditions. 
Man^ deaths of infiints occur in relation to childbirth (in- 
cluiiing some stillbirths and deaths within a few days or hours 
of birth). Authorities hold that reform is necessary in regard 
(aj to improved training, status, and remuneration of mid¬ 
wives ; (5) to an inq^easo in their number and a reduction in 
the number of cases taken per midwife; {c) to the inspection 
and control of midwives, and of training institutions, t>y com¬ 
petent midwives; (cf) to the closer association of midwives 
with health visitors and maternity centres; (s) to an improved 
co-ordination between prenatal, natal, and postnatal agencies 
of treatment. 

Local Clovernment Act, IS§§.~Tb6 sanitary 
provisions of this important Act are few. Besides the powers 
m respect of pollution of streams conferred upon County 
Councils by s. 14, and the provisions as to the appointment and 
C[a^ification8 of county and other M.O-H. contained in 
88 . 17 and 18 (sss Chap. XVII.), only the following require 
mention here j— • 

A County Council may, subject to the approval of 
the L.G.B.,make bye-laws in relation to the whole or 
any spwifled part of their county (boroughs excepted)* 
for i^ous purposes, including the prevention and sup¬ 
pression of nuisances not already punishable in a summary 
manner by virtue of any Act m force throughout the 
county (s. 16). 

Eve^ M.O.H* for a district in any county Aall 
send to the County Counril *» copy of every periodical 

* Boroughs bsv« ths same power under a 26 of the Mualotpsl Corpora¬ 
tions Act, 1861 
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report * of which a copy is, for tho time being, required 
by the Regulations of tho I 1 .G.B. to be sent to the 
■ Board; and if tho M.O.H. fail to send such copy, the 
County Council may refuse to pay any contribution 
towards his salary. If it appear to the County Council 
from any such report that the J’ublic Health Act, 1876, 
has not been properly put in force within tho district to 
which the report relates, or that any other matter affect¬ 
ing tne public health of the district requires to be 
remedied, tho Council may cause a representation to bo 
made to tho Zi.Q-.B. on the matter (s, 19). 

County Councils have now certain powers under the 
Housing of the Working Classos Act, and they have, of course, 
power to make formal or informal representations to tho 
Xi.G-.B., or other controlling Authority, upon any matter. 

The Local Government Act, 1894, does not 
apply to county boroughs, nor to London, Scotland, or 
Ireland. 

Area and boundaries.—Bounddries are to be 
adjusted so as to prevent intersection of those 
which definp counties, county districts, unions, and 
parishes. Small rural parishes are to be grouped into 
workable units for parish council pui'poses, but each 
is to have its parish meeting. In rural districts 
Pariah Meetings and Pariah Councila are constituted. 

The Parish Meeting has the exclusive power of 
adopting certain optional Acts, including the Burials 
Acts and the Baths and Washhouses Act, and its 
consent is required before the Parish Council can 
incur any expense involving a loan or a rate exceeding 
3d. in any year. 

The Parish Connell have power (s, 8) “ to utilize 
any well, spring, or stream within their parish 
and provide femilities for obtaining water therefrom,t 
but so as not to interfere with the rights of any 

• Tha Kegulatlqna of the LO.B. require the U.O.H. to fumleh the 
Cfouoty Oouneil with rfwpiaa of special as well as anoual reportie 
{3ae pp. 6d9-70.) 

t They cannot, except by agreement, acquire land for the porpoee of 
aayeapply of irater(s. • 
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eorporation or person; and to deal with any pond, 
pool, open ditch, drain, or place containing or used 
for the collection of any drainage, filth, stagnant 
water, or matter likely to be prejudicial to health, by 
draining, cleansing, covering it, or otherwise prevent¬ 
ing it from being prejudicial to health, but so as not 
to interfere with any private right or the sewage or 
drainage works of any local Authority.” Tney may 
execute works for these purposes, or contribute to 
the cost. They may complain (s. 16) to the County 
Council if the Rural District Council have failed to 
provide or to maintain suflicient drainage or water 
supply for the parish, or to enforce any provision of 
the Public Health Act, and in that event the County 
Council may take over to themselves the powers of 
the District Council for the purpose, or may make an 
Order for the necessary works to be carried out by 
the District Council or by some person appointed by 
the County Council. Notice must be given to the 
Parish Council concerned if the Rural District Coun¬ 
cil decide to undertake works of sewerage or water 
supply. The Parish Council may acquire or hire land 
for allotments, and may, if necessary, appeal to the 
County Council for compulsory powers of purchase or 
hire; the Order, if granted, requires confirmation by 
the L.Q.B. (ss. 9 and 10). They may also make 
official representations to the District Council under 
the Allotments Acts; br to the K.O.K. as to un¬ 
healthy dwellings or obstructive buildings under the 
Housing of the Working Classes Act (see p. 659 e( 
seq .); or to the Ii.Cf.B. with a view to the grant of 
urban powers for their pariah or any part of it. The 
District Council may delegate to them any powers 
which under the Public Health Acts could be dele¬ 
gated to a parochial committee. Apart from expendi¬ 
ture under adoptive Acts, the Parish Council must 
not incur expenses involving more than a 6d. rate in 
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anjr year, nor more than a 3d. rate without the con- 
Eleut of the Parish Meeting. They may raise money 
on loan, but only with the approval of the Parish 
Meeting, the County Council, and the 

Rural OUtiict Councils, notwithstanding the 
limited initiative possessed by the Parish Council, are 
the responsible executive Sanitary Authority, and 
must caiVy out all necessary works, giving notice to 
the Parish Council. The I1.O.B. may by General 
Order confer upon Rural District Councils such urban 
powers as they think fit; this is in addition to their 
right itnder the Public Health Act ofl876 (ssep. 686) 
to grant urban powers for particular areas, which 
right may under the 1894 Act be exercised by the 
B^rd on the application of the County or Parish 
Council concerned. 

Urban District Councils are the S.A. for urban 
districts. Boroughs have their “ Corimration ” or 
“Town Council," but are included in the term 
“ county district," which comprises all urban and 
rural districts. 

All District Councils have the charge of highways. 
Among other powers given to them are tiie administra¬ 
tion of the Acts relating to petroleum and infant life 
protection, and the licensing of knackers’ yards. A 
District or Parish Council may delegate their powers 
to a committee of their number, or to a joint ooip- 
mittee representing other Councils also. 

County Councils obtain under the 1894 Act 
certain powers of supervision and control, specified ip 
the foregoing summary. 

Bale of Food and Drags Act, IBTd, —This 
Act defines “ food ” as including every article used 
by man for food or drink, except water and drugs; 
and “drugs” as including medicine for external as 
well as internal us* (a 2). “ Ho [mrson shall mix, 
colour, stain, or powder (or. order or pemit any other 
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peraon to mix, coloar, staia, or powder) any article of 
food with any ingredient or material so as to render 
the article injurious to health, with intent that the 
same may be sold in that state; and no person 
shall sell any'article so mixed, coloured, stained, 
or powdered ... ” (a 3). “ No person shall, 

except for the purpose of compounding, f . . . 
mix, colour, stein, or powder (or permit any other 
person to mix, colour, stein, or powder) any drug with 
any ingredient or material so as to affect injuriously 
the quality or potency of such drug, with intent that 
the same may be sold in that state; and no person 
shall sell any drug so mixed, coloured, stained, or 
powdered . . .” (s. 4). The ponsdty for such in¬ 
jurious admixture is a hne nut exceeding J50 for a 
first offence ; subsequent offences are mi^emeanours, 
punishable by imprisonment with hard labour for a 
period not exce^ing six months. No liability is, 
however, incurred if the accused peraon can show 
that he was unaware of the admixture, and could not, 
with reasonable diligence, have ascertained it (a 6). 

“No person shall sell, to the prejudice of the 
purchaser, any article of food or any drug which 
is not of the nature, substance, and quality of the 
article demanded by such purchaser, under a penalty 
not exceeding £20; but no offence shall be deemed 
to be committed under this section in the following 
cases; (1) Where any* matter or ingredient not 
injurious to health has been added to the food or 
drug because the same is required for the production 
or preparation thereof as an article of commerce 
in a state fit for carriage or consumption, and not 
fraudulently to increase the bulk, weight, or measure 
of the food or drug, or conceal the inferior quality 
thereof; (2) where the drug or food is a proprietary 
medicine, or is the subject of a patent in force, and 
is snppli^ in the state required by thespeoiflcatibfffff 
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the patent; (3) where the food or drug is compounded 
.... [and the provisions of the seventh and eighth 
sections are observed]; (4) where the food or drug is 
unavoidably mixed with some extraneous matter in 
the process of collection or preparatiSn ” (s. 6). As 
regards these exemptions, the oniis probcmdi rests 
with the defendant (s. 24). No person shall sell any 
compound, drug, or article of food which is not com¬ 
posed of ingredients in accordance with the demand 
of the purchaser, under a penalty not exceeding £20 
(s. 7); ,but no ofifonce under this section is committed 
in respect of the sale of a drug or article of food 
mixed with an ingredient not injurious to health, if it 
is labelled as “ mixed ” at the time of sale (s. 8). 

“No person shall (with the intent that the same 
may be sold in its altered state without notice) 
abstract from an article of food aijy part of it, so 
as to affect injuriously its quality, substance, or 
nature; and no person shall sell any article so altered 
without making disclosure of the alteration, under a 
penalty not exceeding £20" (s. 9). In any prose¬ 
cution under this Act, the defendant is to be dis¬ 
charged if he proves to the satisfaction of the Court 
(a) that he bought the article as being the same in 
nature, substance, and quality with'that demanded by 
the purchaser, and with a written warranty to that 
effect; (i) that at the time of sale he had no reason 
to believe it to be otherwise f and (c) that he sold it 
in the same state as when he purchased it (s. 25). 

In every district a competent person may be (and, 
if required by the L.0.B., must be) appointed as 
Public Analyst* (s. 10); and any person shall be 
entitled to have any drug or article of food purchased 

* Tbe Appointinesi Is made b; the T(;iwn Counoll of any borough 
having a ssparate Court of Quarter Seasions, or a separate Police estabiian* 
meot. The Cona^ Oouffcti appoints the Public Analyst for all parts of 
the county not included In the ebove. All apnointmeuts and reappoint* 
iMnts are subject to the approval of the L&B. 
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by him in such district analysed by the Public Analyst 
on payment of a sum not exceeding 10s 6d., and to 
receive from him a certificate of the result of the 
analysis (s. 12).^ The M.O.K., inspector, or constable, 
charged by the S.A. with the execution of the Act, 
may procure shmples of food and drugs, and submit 
them to the Public Analyst (a 13). A<y person 
purchasing an article for analysis shall, upon the 
completion of the purchase, forthwith notify to the 
seller his intention to have it analysed by the Public 
Analyst; and shall offer to divide it into three parts, 
to be then and there separated, and each part to be 
marked and sealed or fastened , up, and shall, if re¬ 
quired to do so, proceed accordingly, and shall deliver 
one of the parts to the seller. He shall retain one of 
the three parts for future comparison, and deliver the 
third to the Public Analyst (s. 14). If the seller do 
not accept the ofier of division, the analyst must 
divide the article into two parts, and seal up and 
deliver one of them to the purchaser (s. 15). Samples 
may be sent to the analyst by registered parcel post, 
if his residence is two miles from that of the pur¬ 
chaser (s. 16). Any person refusing to sell to an 
officer of the 8 . A. any article of food or drug on sale 
by retail, the price being tendered, and the quantity 
demanded not being greater than is reasonaHly 
requisite, is liable to j penalty not exceeding £10 
(s. 17). The certificate of the analyst mast be in a 
prescribed form (s. 18), and is sufficient evidence of 
the facts therein stated, unless the defendant requires 
the analyst to be call^ as a witness (s. 21). The 
Justices before whom a case is heard may, at the 
request of either party, cause any article of food or 
drug to bo sent to the Commissioners of Inland 
Revenue for analysis at the Government Laboratory 
(s. 22). 

Sale of Food aad Drags Act Amendnoat 
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Act, 1899. —This amending Act was passed in order 
to settle certain points u()on which the 1875 Act was 
found to be insufficiently explicit. 

“ It shall be no defence to allege that the purchaser 
is not prejudiced by the sale of adulterated articles, 
on the ground that ho bought it for analysis only; or 
to allege ^^at the article in question, though defective 
in nature, or substance, or quality, was not defective 
in all three respects ” (s. 2), “ The X.O.K., in¬ 
spector, or constable charged with the execution of 
the Act, may procure, at the place of delivery, a 
samplf of milk in course of delivery to the purchaser 
or consignee, in pursuance of any contract; and may 
submit the sample to the Public Analyst” (a, 3). 
“The seller, or his representative, if he refuses to 
allow a sufficient sample to be taken, is liable to 
a penalty not exceeding .£10” (s. y. “As regards 
spirits not adulterated otherwise than by admixture 
of water, it is a good defence to prove that the ad¬ 
mixture has not reduced the spirit more than 26 
degrees under proof for brandy, whisky, or rum; or 
35 degrees under proof for gin ” (s. 6). 

The Sale of Food and Drags Act, 1899, pro¬ 
vides that articles imported into the United Kingdom, 
such as margarine, margarine chebse, impoverished 
oaodulterated milk, condensed, separated, nr skimmed 
milk, or any other article hereafter added by Order 
in Council, shall be oonspicnotisly marked with name 
and description (a 1); tte IL.Q.B. and the Board of 
Agriculture may procure samples for analysis if it is 
deemed desirable in the general interest of the con¬ 
sumer, and the results of the analysis shaU be com¬ 
municated to the S.A>> who shall pay the analpt's 
fees (s. 2). Under s. 3 similar power is given to these 
Boards to act in default of the 8.iL. The Board ot 
Agriculture may Inake regulations for determining 
what deficiency in any noymd constituents, or 



xnn] SALB OF MAEGARINB 631 

adulterations, shall raise a presomptioD that milk, 
cream, butter, and cheese is not genuine (s. 4). The 
Margarine Act, 1887, is extended to apply to “ mar¬ 
garine cheese,” which must be clearly marked on the 
package in blick letters not less than | in. long. 
Every maker of margarine and margarine cheese 
shall keep a register as to quantity and^ destina¬ 
tion of his consignments, and he shall submit to 
inspection (s. 7). The fat of margarine must not 
contain more than 10 per cent, of butter fat (s. 8), 
and condensed milk of all kinds may only be sold 
when clearly described on the label. A person selling 
milk on any highway must have conspicuously marked 
on the vehicle his name and address 

Penalties for wilful obstruction of officers in the 
course of their duties in food sampling and for offences 
under the Acts, are, for the first offence, sums not 
exceeding j620, and for subsequent offences j660 and 
ilOO; but proceedings may not be instituted after 
the expiration of 28 days from the time of purchase. 
A warranty is not available as a defence unless a 
copy has been sent to the purchaser within seven 
days of service of the summons, with a written notice 
stating that reliance will be placed on it, and specify¬ 
ing the name and address of the warrantor. 

These Acts are directed not only against fraudulent dilu¬ 
tion, abstraction, and substitution, but also against injury to 
health, and the sampling and analysis should be guided by con¬ 
sideration of both points. In the case of beer the risk oz lead 
oontamination from pewter pipes has long been known, but that 
of arsenic was overlooked until 1900. 

The IWargarlBe Act, 189T, defines “butter"as 
made exclusively from milk, or cream, or both, with 
or without salt or other preservative, or added colour¬ 
ing matter. “ Margarine " includes all substances, 
wheUier compounds or otherwise, prepared in imite- 
tion of butter, whether mixed with butter or not (s. 8), 
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Every package of maigarino moat be so marked, in 
capital letters not less than | in. square, and in 
shops by labels with capital letters not less than 
IJ in. square. All margarine factories must be 
registered with the Authority appointing the Public 
Analyst of the district (s. 9). Officers authorized 
under th^ Sale of Pood and Dmgs Acts may take 
samples of butter (or substances purporting to be 
butter which are exposed for sale and not marked as 
margarine) without going through the form of purchase 
required by that Act, but otherwise complying with its 
provisions as to dealing with the samples (s. 10). Any 
such substance not being marked as margarine is to 
be presumed to be exposed for sale as butter. The 
vendor is absolved if he proves that he bought the article 
with a written warranty, and sold it, in the same state 
as when bought, believing it to be butter. The penalty 
for a first oftence is a fine not exceeding .£20. 

The Butter and margarine Act, 1007, 
substitutes for the definition of margarine in the Act 
above mentioned the following words: “ Margarine 
shall mean any article of food, whether mixed with 
butter or not, which resembles butter and is not 
milk-blended butter.” This Act also gives jxjwers 
of inspection to the Board of Agriculture, the I 1 .Q.B., 
and the S.A, over all processes of manufacture, 
blending, reworking, or treatment of butter and 
similar substances, and a limit is laid down by which 
not more than 16 per cent, of moisture is permitted 
in butter and margarine, and not more than 24 per 
cent, in milk-blended butter. Nor may such goods 
be imported. New powers are also given as to the 
proportion of milk solids in butter, as to the making 
of regulations by the L.Cl.B. for prohibiting the 
use of preservatives in butter, margarine, and milk- 
blended butter, find as to labelling these several 
articles, 
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Sale of Horseflesh, etc., Begulation Act, 
1889.— The flesh of horses, asses, or moles must not he sold 
or kept for sale for human food, except in a shop or stall over 
or upon which is placed conspicuously, in legible characters 
4 in. lon^, an announcement that horseflesh is sold there. 
If otherwise, the^M.O.H.or inspector may seize the meat 
and carry it before a magistmte, who may order as to its 
disposal as he thinks fit; and the oli'endor is liable to penalty. 
These conditions apply to such flesh cooked or undboked, and 
alone or mixed with other substances. It is illegal to supply 
horseflesh for human food to a purchaser asking fur other meat, 
or for a compounded article not usually mado of horseflesh. 

The Rivers Pollntion Prevention Act, 
1876, deals separately with (a) solid matters, (b) 
sewage, (c) trade effluents, and (d) mining effluents. 

(a) No solid refuse of any kind may be put into 
any stream, so as to interfere with its due flow or to 
pollute its waters (s. 2).* 

(b) No solid, or liquid sewage matter may be 
iwssed into any stream; but as regards conditions in 
existence prior to 1876 no oflence is committed under 
this Act if it is shown that the best practicable and 
available means are being used to render harmless the 
sewage entering the stream (s. 3). 

(c) No poisonous, noxious, or polluting liquid from 

any factory or manufacturing process may be passed 
into any stream. The saving clause as to conditions 
existent prior to 1876 is repeated here (s. 4). ■* 

(ci) No solid matter from mines may be put into 
any stream so as prejudicially to affect its flow; nor 
may any poisonous, noxious, or polluting solid or 
liquid matter from mines be passed into any stream, 
other than water in the same condition in which it 
has been raised or drained from such mine (s. 6). 

Proceedings may be instituted, in respect of pollu¬ 
tion of streams by sewage or solid matters, by any 
private person or 8.A. aggrieved (s. 8); but in 
respect of manufacturing or mining effluents B.A.a 
• Sh slit Pahlie H«Uh Iztt Amtndmtnt Act, IIW (p. (06). 
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only can take action, and subject to the approval of 
the The Board, in giving or withholding 

consent, shall have regard to the industrial interests 
involved, and the circumstances and requirements 
of the locality. They shall not ^ve their con¬ 
sent to proceedings by the S.A. of a district which 
is the sqat of any manufacturing industry, unless 
they are wtisfied, after due inquiry, that means for 
rendering harmless the effluents from such manufac¬ 
turing processes are reasonably practical and avail¬ 
able, qnd that no material iiqury to the interests of 
such industry will be caused by the proceedings 
(s. 6). Any person intei’ested may call the attention 
of the B.A. to pollution by manufacturing or mining 
effluents, and, if the S.A. refuse to move, may appeal 
to the L.O.B., and the Board may, after due inquiry, 
direct the Authority to take procoedipgs (s. 6). 

TheS.A. must afford facilities for admitting trade 
effluents into sewers, unless they would prejudicially 
affect the severs or interfere wiA the dispel of the 
sewage, or be injurious in a sanitary point of view, 
from their temperature or otherwise; or unless the 
sewers are only large enough for ihe ordinary require¬ 
ments of the district (s. 7). 

[S. 14 of the Local Govemment“Act, 1888, confers 
upon County Councils the powers of S.A.H under the 
Bivers Pollution Prevention Act; and enables the 
B.Cf.B. to form a joint committee representing all 
administrative counties through or by which a river, 
or any specihed portion of a river, or any tributary 
thereof, passes, and to confer u])on the joint committee 
all or any of the powers of a BA., under the Act] 

The Royal Commission on Sewage Disposal re¬ 
commended in 1903 the formation of Biver Boards 
throughout the .country, compos^ of joint committees 
of County Oouncifs, for the purpose of properly enforc¬ 
ing the ^P.P. Act Such J^i^rlutve the advantage 
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of jurisdiction over the whole of a drainage area and 
are sufficiently large to secure the appointment of 
skilled officers. Some have extended powers under 
special Acts. 

A short exjilanatory Act (R.P.P. Act, 1893) re¬ 
moves a technical dillicnlty liable to be raised by S.A.I 
seeking to evade their responsibilities under a. 3. 

Oanal Boata Act, 1897. —The term *“ canal" 
includes all navigable waters, tidal or otherwise, within 
the body of a county, and the term “canal boat” 
includes every vessel, however propelled, used for 
conveyance of goods along such waters, but does 
not include a ship registered under the Merchant 
Shipping Act, unless the L.G.B. ordera otherwise. 
No canal boat may be occupied as a dwelling unless 
it is registered under this Act, and then only by 
the number of persons of the age and sex for which 
it is registered "(s. 1). The registration authority 
must be a S.A. whose district abuts on the canal on 
which the boat is intended to ply; and the boat must 
be registered as belonging to some place which is. 
within the said district, and which is also within 
a school district (s. 7), Upon registration two cer¬ 
tificates must be given to the owner, identifying the 
owner and the boat, and stating the place to which it 
belongs, and the number, age, and sex of peisqps 
allow^ to dwell in the boat. The master of the bt^t 
must carry one of these*certifioatea Every registered 
boat must have conspicuously painted upon it the 
registored number, the place to which it belongs, and 
the word “ registered "'(s. 3). If any person oh a 
canal boat is suffering from an infectious disease, the 
S Jk. of the place where the boat is shall adopt such 
precautions as appear necessary, upon the certificate 
of the tt!.O.X. or other legally qualified praaUtioi^g| 
and mhy remove such sick'person atrd exeKnse :the 
other powers conferred by the Public Health! Act in 

2o 
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this respect; and may detain the boat as long as 
is necessary for cleansing and disinfecting (s. 4). 
If any person duly authorized by the S.A. has reason 
to suspect any contravention of the Act, or that a 
person on board is suffering from an infectious disease, 
he may enter the boat for the purpose of inspection 
between 6 a.m. and 9 p.ra., and may require the master 
of the bofet to afford him facilities for so doing, and to 
produces the certificate of registry of the boat (s. 5). 

The second section directs the L.G.B. to make 
regulations (i.) for the registration of canal boats; 
(iL) for lettering, marking, and numbering such 
boats; (iil), for fixing the number, age, and sex of 
persons who may be allowed to dwell in a canal boat, 
having regard to the cubic space, ventilation, separa* 
tioh of the sexes, general healthiness, and convenience 
of accommodation; (iv.) for promoting cleanliness and 
habitable condition of such boats; and (v.) for pra- 
venting the spread of infectious disease by canal bemts. 

Such reg«lations were accordingly i^ued by the L.0.B. 
in 1878, and the following is a summary of their principal 
'sanitary provisions:— 

There must be at least one dr>% clean, weatherproof 
cabin, in good repair. An after-cabin intended to be used 
as a dwening must contain not less than 180 cub. ft. of 
free air space, and a fore*cabin 80s cub. ft.; every such 
cabin must have means of ventilation besides the door, 
and must be so constructed as.to provide adequaio sleeping 
accommodation. One cabin must contain a stove ana 
chimney. The bc»t must be furnished with suitable 
storage for three gallons of water. If intended to be ordb 
narily used for foul cargoes, the hold must be separated 
firom any inhabited cabin by a double bulkhead with 
an interspace of 4 in., and the bulkhead next the oaigo 
must be water-tiaht. Not less than 60 cub. ft, of bir 
space must be allowed for each person over 12 years of 
age, and not less than 40 cub. ft. for each person under 
t^t age. In fly-boats” that are work^ by sblfoi, 
a cabin occupied at the same time by two persons must 
l^ve a capacity 180 cub. ft. A cabin in which a 
married couple rieep mnst n(^ b# occupied at the same 
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time by atty other male above 14, or female above 12 
years of age. Males above 14 and females above 12 
years of age must not occupy the same sleeping cabin at 
the same time, but reservation is made for married couples, 
and also (under certain conditions) in respect of boats con¬ 
structed prioi^ to 1878. The interior of the cabin must be 
repainted every three years, and must be kept clean. 
Bilge water must bo pumped out daily. The muster of 
the boat must at once notify the occurrence of Any ease of 
infectious disease on the boat to tho B.A. of the district 
through which the boat may be passing, and also to the 
S.A. of tho place of destination; he must also inform 
tho owner, who is required to notify the S.A. of 
the place to which the ^at belongs. If the boat is do 
tained by the S.A. for purposes of disinfection, the S.A. 
must obtain a medical certificate that the boat has been 
cleansed and disinfected, and must give it to the master. 

The Caual Boats Act, 1884, amends the 1877 
Act in certain details, and makes it incumbent upon 
every S.A. through whose districts any canal passes to 
enforce the provisions of tho Act and Regulations, and 
to make an annual report upon the subject to the 
A.O.B.* The Board is required to make inquiries 
from time to time (by an inspector or inspectors 
specially appointed for the purpose) as to the working 
of the Acta and Regulations, and to report annually 
thereon to Parliament. 

Idilk and Dairies (Consolidation) Act 

191d, —S. 1 provides that the Ip.G.B. may malie 
general or special Milk and Dairies Orders as they 
think fit for all or any oTE the following purposes:— 
{a) For tho registration with local authorities of 
ail persons carrying on the trade of dairymen, 
and of all dairies; 

(b) for the inspection of cattle in dairies, and of 
dairies and persons in dairies who have access 

* This report baa to be drawu ap In prescribed form and must include 
jArtiouIara as to registratiion, notification 6f change of master, certl^te, 
maikt&BOfboat, OTercrowdiDs, separation of eexea, cleanliaeM, ventila¬ 
tion,^ntlog, proTlalon of wawr cask, removal of bilge water. aotifiratioB 
Of InfMtlotU dlseaae, and admittance of inspector. ( 
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to the milk, the ohuma or other milk re¬ 
ceptacles ; 

(c) for prescribing and regulating the lighting, 
ventilation, cleansing, drainage, and water 
supply of dairies; 

(d) for securing the cleanliness of milk stores, 
mil{( shops, and milk vessels used for contain¬ 
ing milk for sale; 

(e) for prescribing the precautions to be taken for 
protecting milk against infection or contamlna- 

.tion; 

{/) for preventing danger to health from the sale 
for hdman consumption, or from the use in the 
manufacture of products for human consump¬ 
tion, of infected, contaminated, or dirty milk ; 

ig) for regulating the cooling, conveyance, and 
distribution of milk intended for sale for human 
consumption, or its products; 

(h) as to the labelling, marking, or identification 
and (he sealing or closing of chums, vessels, 
and other receptacles of milk for sale for human 
consumption or used for the conveyance of 
such milk j 

(t) for prohibiting the add^iofi of colouring 
matter; and for prohibiting or regulating the 
addition of skimmed, or separated milk or water 
or any other substance to milk intended for 
sale for human consumption, or the abstraction 
therefrom of butter-fat or any other constituent; 
and for prohibiting or regulating the sale for 
human consumption of milk to which such an 
addition or from which such abstraction has been 
made, or which has been otherwise artificially 
treated; 

(/) for authorising the use, in connexion with 
the sale of mil^ of the designation, “berttfllsd 
milk,” for presoribiiig tjra^taditibns sul>Je«lr to 



xTOt] MILK AND DAEBIBS ACT, 1916 689 

which milk may be sold under such designation, 
and for prohibiting the use of such designation 
in connexion with the sale of milk in respect 
of which the prescribed conditions are not 
complied* with; • 

(i) for authorizing a local Authority to make 
regulations for the purposes aforesaW, or any 
of them, subject to such conditions ^f any) as 
the L.Q.B. prescribe. 

A Milk and Dairies Order may authorize the 
person making the inspection to require any cow to 
be milked in his presence and to take samples of the 
milk, and to require that the milk from any particular 
teat shall bo kept separate and to take separate 
samples thereof. 

S. 2 provides for powers of enforcing Milk and 
Dairies Orders. * 

8. 3 states that if the H.O.E. of a county or 
county borough is of opinion that tuberculosis is 
caused, or is likely to be caused, by the consumption 
of the milk suppUed from any dairy in which cows 
are kept, he shall have power to stop the supply 
of milk from the dairy, subject to such right of 
appeal and the payment of compensation in such 
eases as are provided therein. ^ 

Under s. 4, if the M.O,K. has reason to suspect 
that tuberculosis is caased, or is likely to be caused', 
by the consumption of any milk which is being sold 
or ex^ed or kept for sale within the area of the 
local Authority, he shall endeavour to ascertain the 
source or sources of supply, and on ascertaining 
ttie facts shall forthwith give notice of them to the 
of the county or county borough in whiidi 
the cows from which the milk is obtained are k^t, 
in order that the cattle-may be inspected a 
veterinary surgeon, and veterinary, medical, and 
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bacteriological reports furnished. Details of the 
administrative steps to be taken are set out in a 
schedule. 

8. 5 prohibits the sale of milk from a cow which 
is tuberculous or suffering from mdstitis, anthrax, 
actinomycosis, or foot-and-mouth disease. 

The Act further provides for registration of all 
railk-solleVs and -hawkers, and for the proper labelling 
of condensed, separated, or skimmed milk. It also 
amends the law with regard to sampling. 

Other new powers and duties include the appoint¬ 
ment'of veterinary inspectors by the S.A., the con¬ 
trol of imported milk, and the establishment of 
infant milk dep6ts. The L.O.B. are erapowerad to 
act in default of the S.A. The Act is to come 
into force within one year of the termination of 
the War. 

The Dairies, Cowsbeds, and Klikshops 
Order of 1885 was made by the Privy Council 
under a. 34* of the Contagious Diseases (Animals) Act 
of 1878. An amending Act (C.D.A. Act, 1886) 
transfeiTed- to the the powers of the Privy 

Gonncil under this section, and the D.O. and M. Amend¬ 
ing Order, 1886, substituted the Board for the Privy 
Council and remedied certain omfflsions in regard to 
penalties, giving the Order the force of law. The 
D.O. and M. Order of 1899 amended the previous 
Orders by including tuberculdsis among the infective 
diseases on the occurrence of which milk should not 
be sold under s. 15. The effect of the three Orders 
(1885, 1886, 1899) is to throw upon every 8.A, the 
duty of supervising the milk trade in their district, 
and of carrying out the regulations prescribed by the 
Orders. These duties are common to all districts alike, 
but any S,A. may arm itself with further powers by 
making Begtilatlbns under s. 13, having the force of 
bye-laws. The chief provisioiyi of the Orders (which 
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will in future come under the 1916 Act) are sum¬ 
marized below 

Section 6. (1) It shall not be lawful for any [icrson 
to carry on . . . the trade of oowkeeper, dairyman, 
or purveyor of milk unless he is registered as below. 
(2) Every S.A. shall keep a register of such persons, 
and shall from time to time revise and correct the 
register. (3) The S.A. shall register every such 
person, but registration shall not be deemed to< 
authorize such person to occupy as a dairy or 
cowshed any particular building, or preclude pro¬ 
ceedings. (4) The S.A. shall from time to time 
give public notice of registration being required, 
and of the mode of registration. (6) A person who 
cai-ries on the trade of cowkeeper or dairyman for 
the purpose only of making and selUng butter or 
cheese, or both, »nd who is not also a purveyor of milk, 
need not be registered. (6) A person who sells milk 
of his own cows in small quantities to his workmen 
or neighbours for their accommodation need not, by 
reason thereof, be registered. 

Section 7. (1) It shall not be lawful to begin to 
occupy as a dairy or cowshed any building not so oc¬ 
cupied at the commencement of this Order until pro¬ 
vision is made, to the reasonable satisfaction of the S.A., 
for the lighting and ventilation, including air-sp^e, 
and the cleansing, drainage, and water-supply; or (2) 
without first giving one month’s notice in writing to 
the S.A. 

Section 8. It shall not be lawful to occupy as a dairy 
or cowshed any building—whether so occupied at the 
commencement of this Oisier or not—if .... the 
lighting and ventilation, including air-space, and the 
cleansing, drainage, and water supply thereof, are tto^ 
such as are necessary or proper (a) for the h^th itil4 
good condition of the cattle therein; (i) for.thtf. 
cleanliness of milk-vessels used therein for cohtakaihg 
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milk for sale; and (c) for the protection of the milk 
therein against infection or contamination. 

Section 9. It shall not be lawful for any .... 
oowkeeper, or dairyman, or purveyor of milk, or 
occupier of a milkshop (a) to allow any person suffer¬ 
ing from a dangerous infectious disorder, or having 
recently been in contact with a person so suffering, to 
milk coira or to handle vessels used for containing 
milk for sale, or in any way to take part or assist in 
the conduct of the trade .... so far as regards the 
production, distribution, or storage of milk ; or (6) if 
himdblf so suffering, or having recently been in contact 
as aforesaid, to milk cows or handle vessels containing 
milk for sale, or in any way to take part in the 
conduct of his trade as far as regards the produc¬ 
tion, distribution, or storage of milk; until, in 
each case, all danger therefrom of the communication 
of infection to the milk or of its contamination has 


Section 10. It shall not be lawful for any .... 
cowkeeper, dairyman, of purveyor of milk, or ... . 
occupier of a milk-store or milkshop, after the receipt 
of notice of not less than one mouth from the 1 (k^ 
Authority calling attention to the .provisions of this 
Article, to permit any water-cloSht, earth-closet, privy, 
cegspool, or urinal to be within, communicate directly 
with, or ventilate into, any dairy or any room used as 
a milk store or milkshop. *- 

Section 11. It shall not be lawful for any . . . . 
oowkeeper, or dairyman, or purveyor of milk, or 
occupier Of a milk-store or milkshop, to use a milk- 
store or milkshop in his occupation, or permit the 
same to be used, as a sleeping apartment,, or tor any 
purpose incompatible with the proper preservation, of 
the cleanliness of, the milk-store or milkshop, and of 
toe milk-vessels and milk therein, or in any manner 
likely to cause contamination of the milk toerem. , 
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Section 12. It shall not be lawful for any .... 
oowkeeper, or dairyman, or purveyor of milk to keep 
any swine in any .... building used by him for 
keeping cows, or in any milk store or other place used 
by him for keefJiug milk for sale. 

Section 13. Any SJk. may make regulations. 
{«) for the inspection of cattle in dairies^ (i) for 
prescribing and regulating the lighting, ventila¬ 
tion,* cleansing, drainage, and water supply, of dairies 
and cowsheds . . . .; (c) for securing the cleanliness 
of milk-stores, milkshops, and milk-vessels used for 
containing milk tor sale; and (d) for prescribing 
precautions to be taken by purveyors of milk, and 
persons selling milk by retail, against infection or 
contamination. 

Section 14. The following provisions shall apply to 
regulations mad (2 by any S.A. under this Order; 

(1) Every regulation shall be published by advertise¬ 
ment in a newspaper circulating in the district. 

(2) The S.A. shall send to the IkQ.B. a copy 
of every regulation at least a month before the date 
of qperation. (3) The L.Q.B. may at any time revoke 
any regulation if satisfied on inquiry that it is too 
restrictive or otherwise objectionable. 

Section 16. The milk of a cow sufiering from 
cattle-plague, pleuro-pneumonia, or foot-and-mouth 
disease (o) shall not be mix^ with other milk’; 
(5) shall not be sold or hsed for human food; and (c) 
uall not be sold or used for food of animals, unless 
it has been boiled. Tuberculosis is now uududed in 
this section under the D.C. and M.O. of 1899. 

The following Model RespilationB under s. 13 of 
the Order have been drawn up by the Ii.9.B. for Dairies, 
Oowsheds and Hilkahopi. 

t miiUmnm cnUo spue Is specified for oowtbedi to lacb 
lUgoUQoM) IhO.B* btve sagacsted 600 cub. ft per hetti, bat la 
atn; dtotrieto A toiirer Adopted. 
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Intbkpkbtation 

. 1. The expression ‘‘cowshed ” includes any dairy in which 
milking cows may be kept, and the expression “ cowkeeper 
moans any person following the trade of a cowkeeper or 
dairyman required to be registered under the Order of 1885. 

For the Inspection of Cattle in Dairies 

2. Ev^ry occupier of a dairy wherein any <»ttle may be 
kept, and Vhich the H.O.H., or the Inspector of Nuisances, 
or an^ other officer of the Council specially authorized by 
them m that behalf, may yisil for the purpose of inspecting 
cattle, and every person for the time being having the care or 
control of any su^ dairy, or of any cattle therein, shall afford 
such hffieer all reasonable assistance that may, for the purpose 
of the inspection, be required by him. 

For Prksorihinq a\i> Keoulattno the IaIOhtino, V^bntilA' 
Tio.v, Cleansing, Dhainaob, and Water Supply of 
Cowsheds and Dairies 

PART I 

The Regulations in this Part shall apply to eoweheda the cows from 

which are habitually grazed on grass land during the greater 

part of ihe^yeart and when not so grMeU are habitually turned 

out during^a portion of each day. 

3. Lighting .—Every cowkeeper shall provide that everv 
cowshed in his occupation shall be sufficiently lighted vim 
windows, whether in the aides or roof thereof. 

4. Ventilation .—Every cowkeeper shall cause everv cow¬ 
shed in his occupation to be sufficiently#rentilated, and for this 
purpose to be provided with a sufficient number of openings 
into the exter^ air to keep the air in the cowshed in a whole¬ 
some condition. 

5. Cleansing. —fl) Every cowksaper shall cause every part 
of the interior of every cowshed in his occupation to be 
thoroi^hly cleansed from time to time as often as may be so 
necessary to secure that such cowshed shall be at all times 
reasonably clean and sweet. 

(2) Bach person shall cause the ceiling or interior of the 
roof and walls of every cowshed in his occupation to be 
properly limewashed twice at least in every year, that is to say, 
onee during the month of May and once auring the month of 
October, and at such other times as may be necessary. 

Provided tiiat this requirement shall not apply to any part 
of such coiling, roof, (Mr walls that may be properly painted or 
vomidied, or constructed of or co^red vita any material Kudi 



635 


xvni] DAIRIES AND MILKSHOPS 

as to render the limewashing onsuitable or inexpedient^ and 
that may be otherwise properly cleansed. 

(3) He shall cause the floor of erery such cowshed to be 
thoroughly swept, and all dung and otiier offensive matter to 
be removed from such cowshed as often as may be necessary, 
and not less than onc^ in every day. 

6. Drainofe.^ll) Every cow keeper shall cause the drain¬ 
age of ever^ cowshed in his occupation to be sa arrange 
that all liquid matter which may fall or be cast upon the floor 
may be conveyed by a suitable open channel to a drain inlet 
situate in the open air at proper distance from any door or 
window of such cowshed, or to some other suitable place of 
disposal which is so situate. 

(2) Ho shall not cause or suffer any inlet to any drain of 
such cowshed to be within such cowsh^. 

7. JFater mpply. —(1) Every cowkeepor shall keep in, or 
in Gunnuxion with, every cowshed in his occupation a supply 
of water suitable and sufficient for all such purposes as may 
from time to time be reasonably necessary. 

(2) He shall cause any receptacle which may he provided 
for such water to 1)p emptied and thoroughly cleansed from 
time to time as often as may be necessary to prevent the pollu¬ 
tion of any water that may be stored therein, and where such 
receptacle is used for the storage only of water he shall cause 
it to be properly covered and ventilate, and so placed as to be 
at all times readily accessible. 

PA&T II 

TTis HBgiilatiom in ^rt and aho the foUomng Regulation, 
ehall apply to all cowehade other than thoee the cows from iohieh 
are habitually grazed on grass land during the greater part of 
the year, and when not so grazed are habitually turned OHt 
during a portion of eaeh day. 

8. A cowkeeper shall no^ cause or allow any sowsh^ in 
his occupation to ^ occupied by a larger number of cows than 
will leave not less than 800 cub. ft. of air-space for each eow. 

Provided as follows 

(o) In calculating the air-space for the purposes of this 
regulation, no space shall be reckoned which is ^ more 
than 16 H. above the floor: but if the roof or ceiling is 
inclined, then the moan height of the same above the floor 
may be taken us the height theraef for the piirposes of this 
regulation. 

(6) This Regulation shall not'apply to any cowshed con¬ 
structed and used before the date of these Regulations 
coming into efleot until two yean after that date^ 
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FART III 

9. In this Part tho expression “ dairy ” means a dairy in 
which cattle are not kept. 

\Q. Lighting. —Every cowkeeper shall provide that every 
dairy in his occupation shall be sufficiently lighted with 
windows, whether m the sides or roof ther^f. 

U. V4ntilati<m. —Every cowkeeper shall cause every dairy 
in his oc cup ation to be sufficiently ventilated, and for Uiis pur¬ 
pose to bff®provided with a sufficient number of openings into 
the external air to keep tho air in the dairy in a wholesome 
condition 

12. CleaMing.-y-{\) Every cowkeeper shall cause every 
part of the interior of every dairy in his occupation to be 
tbozbughly cleansed from time to iiuio as often as may be 
necessary to secure that such dairy shall be at aU times reason¬ 
ably clean and sweet. 

(2) He shall cause the floor of every such dairy to be 
thoroughly cleansed with water at least onet in every day. 

13. Drainage.-^i^l) Every cowkeeper shall cause the drain¬ 
age of every daii^ in his occupation to be so arranged that all 
liquid matter which may &11 or be oast upon the floor may be 
conveyed by a suitable opening channel to the outside of such 
dairj’, and u^y there be received in a suitable gully communi¬ 
cating with a proper and sufficient^rain. 

(2) He shml not cause or suffer any inlet to any drain of 
such dairy yo be within such dairy. 

It (1) Every cowkeeper shall cause ©very 

dairy in his occupation to be provided wi^ an adequate supply 
of^ood and wholesome water for the cleansing of snchdLairy 
of any vessels that may be usefl therein for containing 
i^k, and for all other reasonable and necessary purposes in 
connexion with the use thereof. 

(2) He shall cause every cistern or oUier receptacle in 
whi<ffi any such water may be sto^ to bo properlv covered md 
rentilatea, smd so placed as to be at all times readily aooenible. 

(3) He shall cause every such cistern or receptacle to be 
emptied and thoroughly cleansed from time to time as often as 
may be necessary to prevent the pollution of any water that 
may be stored therein. 

For Sxcuauro trs Olranurbss of MiLR-SroBss, Milk- 
Skofs, and of MlLX-yXSSBIil 

15. OltaHiiwjii miih-stoni and mtAbitopr.-^Every oc¬ 
cupier of a milk-store or milkshop shall cause every part of 
the interior of eooh milk-itiihre^ Inilkshop to bo tiatwgbly 
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cleansed from time to time as often as may be necessary to 
maintain such milk>store or milkshop in a thorough state 
cioanliness. 

16. Gl^anHneu mitk-wwls, — (1) Every cowkeeper 
shall from timo to time^ as often as may be necessary, cause 
every milk'vessei that may be used by him for containing 
milk for sale to be thoroughly clemuied with steam or clean 
boiling water, and shall otherwise take all proper precautions 
for the maintenance of such milk*vessel in a conste^t state of 
cleanliness. 

(2) He shall, on every ootasion when any such vessel 
shall have been u'Sed to contain milk, or shall have been 
returned to him after having been out of his possession, cause 
such vessel to forthwith so cleansed. 

For Pkbscribino Precautions against Infbction 
OR Contamination of Mii.k 

17. (1) Every purveyor of milk or person selling milk by 
retail shall take all reasonable and proper precautions, in and 
in connexion with the storage and distribution of the milk, 
and otherwise, to prevent the exposure of the milk to any 
infection or contamination. 

(2) He shall not deposit or keep any milk intended for 
sale— 

(a) in any room or place where it would be liable to 
become infected or contaminated by impure air, or by any 
offensive, noxious, or deleterious gas or substance, or by 
a^ noxious or injurious emanation, exhalation, or 
effluvium; or 

(5) in any room used as a kitchen or os a living- 
room; or 

(a) in any room or building, or part of a buildii:^, 
communioating directly by door, window, or otherwise 
with any room used as % sleeping-room, or in which tlMffO 
may be any person suffering from any infectious or con* 
t^ous disease, or which may have been used by any 
person suffering from any such disease and may not Have 
been properly disinfected; or 

(4 in any room or building or part of a building 
in wbi(^ there may be any direct iidet to any drain. 

(3) *He shall not keep milk for sale, or cause or suffer any 

such milk to be placed, in any vessel, receptacle, or utensil 
which is not thoroughly clean. , 

(4) Re shall cause every vessel, receptacle, or utehnl used 

oou^ing milk for sale to be thoroughly deahnsd 
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with steam or clean boiling water after it shall have been used, 
and to be maintained in a constant state of cleanliness. 

(5) He shall not cause or suffer any cow belonging to him 
or under his caro or control to be milked for the purp(Me of 
obtaining milk for sale— 

(а) unless, at the time of milking, the udder and teats 
of such cow are thoroughly clean; and 

(б) unless the hands of the person milking suc^ oow, 
also, thoroughly clean and free from all infection and 
contamination. 

Penalties 

18. Every person who shall offend against any of the 
foregoing Regulations shall be liable for every such offence to 
a penalty not exceeding £5, and in the case of a con* 
tinuing offence to a further penalty not exceeding 40s. for 
each day after written notice of the offence from the Council. 

Provided, nevertheless, that fhe Justices or Court before 
whom any complaint may be made or any proceedings may be 
taken in respect of any such offence may, if they think fit, 
adjudge the payment as a penalty of any sum less than the 
full amount of the penalty imposed by this Regulation. 

The Public Health (l^ondon) Act, 1891, 

forms a ssjiitary code for London, and includes (with 
many important additions and amendments) the main 
provisions of the Public Health Acts and the Infectious 
Diseases Notification and Prevention Acts. A brief 
summary of the principal points of divergence from 
the Acte named above is appended. 

Water supply. —Absence of proper water supply, 
or^of proper fittings, is held to render a house unfit for 
habitation. A new bouse murt not be occupied until 
the S.A. grant, a certificate that it has a proper water 
supply. A water company cutting ofiT the supply of 
any house must give immediate notice to the 8.A. 
For closure of polluted wells, etc., the 8.A. have only 
to satisfy the Oourt that the water is ** so polluted, or 
likely to be so polluted, as to be injurious or danj^erpus 
to health.'^ 

Closets. —A* new house must have one or more 
water-closets, as drcUms^ces^ may require,” 
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proper water supply and trapped soil-pan, and other 
accessories. The same applies to all houses, irrespec¬ 
tive of date, under notice from the 8.A. Substitution 
of privies or earth-closets is only permissible if the 
available sewerage or water supply is insufficient for 
a water-closet. Penalties are prescribed for (a) wil¬ 
fully injuring any drain or closet or water ^upply in 
connexion therewith; (i) discontinuing dhy such 
water supply without lawful authority; and (c) so con¬ 
structing or repairing a water-closet or drain that it is 
a nuisance or injurious to health. 

Scavenging.—The S.A. must cleanse sti-eets, foot¬ 
paths, cesspits, earth-closets, privies, and cesspools. 
Tliey must remove house-refuse at proper intervals; 
and trade refuse also, if required to do so, on payment. 
They may undertake the collection of manure and 
other refuse, on request; or may, by order, require 
periodical removal by the owner. 

Cellar dwellings.—No underground room not let 
or occupied separately as a dwelling bcfoie J annary 1st, 
1892, can be so let or occupied, unless— 

(а) every part is 7 ft. high, and at least 3 ft. 
above the level of the adjoining ground ; but if the 
outside area is 6 ft. wide, or if its width is not less 
than the depth of the door below ground-level, then 
only 1 ft. of the height need be above the ground-level^ 

(б) every wall has a damp-course, and, if in con¬ 
tact with the soil, is effecturdly secured from damp 
from the soil; 

(c) there is an open area outside along the whole 
frontage, 4 ft. wide in every part, and 6 in. below 
the floor-level j it may be crossed by steps, but not 
opposite a window; 

(d) the area and the soil immediately below the 
room are effectually drained; 

(c) the hollow space (if any) below the floor is 
Ventilated to the outer air; 
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(/) any drain under the room is made of gas-tight 
pipe; 

(y) the room is effectually secured against the 
rising of any effluvinm or exhalation; 

(h) there is proper water-closet and ashpit accom¬ 
modation ; 

(») there is effectual ventilation; 

(j) there is a fire-place, with chimney; 

{k) there are one or more windows opening di¬ 
rectly into the open air; the windowarea being at 
least one-tenth of the floor area, at least half made to 
open, and in each case opening to the top. 

The same conditions apply to underground rooms 
occupied separately as dwellings before January 1st, 
1892; but the 8.A., either by general regulations 
or upon special application by the owner, may modify 
any conditions newly imposed by this Act which 
involve structural alteration of the Building. 

Keeping of animals.— Swine must not be kept 
within 40 yards of a street or public place, nor lie 
allowed to stmy in any public place. A Court may 
prohibit the keeping of any animal in any specified 
place shown to be unfit for the purpose. 

Offensive trades. —None of thefollowing must be 
established anew in London; Slood - boiling, bone- 
boiling, manure manufacture, soap-boiling, tallow- 
melting, or knacker’s yard. Nor any of the following, 
without the sanction of ther County Council: Fell- 
monger, tripe-boiling, slaughtering of cattle or horses, 
or other buhness which the County Council may, 
with the approval of the add to the list. 

Slaaghter-houses and knackers’ yards must obtain 
licences, issued by the County Council, lasting for 
one year only, but renewable at the discretion of the 
County Council. < The same applies to cowsheds. 

Notlffoi^tAi ,is compulsory, The medieol oer- 
tifloate must state the’ patientls fulb nanie,- jwetid 
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address, age, sex, whether attended in puhlie or 
private practice ; if in hospital, the date of admission, 
and the place from which brought. The M.O.H. 
must, within twelve hours of receipt, send a copy' 
of the certifioftte to the Metropolitan Asylums. 
Board, and another to the head-teacher of the schools 
attended by the patient or by other inmates of tlie, 
house. TTie Asylums Board must furnisu to the 
County Council, and to every It.O.E,, such weekly 
returns of certificates so received by them as the 
County Council may prescribe. Any S.A. may, with 
the consent of the L.G.B., add other dangerous in¬ 
fectious diseases to the list, temporarily or pei-ma- 
nently, and the County Council have like power for 
the county as a whole. 

Isolation.—A person who knows himself to be 
suffering from a dangerous infectious disease must not 
milk any animal', or pick fruit, or engage in any 
business in such manner as to be likely to spread the 
disease. He must not enter any public conveyance, nor 
must any other person place him, or convey him, in such. 

Disinfection.—Every S.A. must provide disinfect¬ 
ing apparatus. 

Mortuaries.—Every S.A. must provide a mortm 
ary; the addition of a room for post-mortems is 
optional, unless ordered by the County Council. Tlje 
County Council may provide other mortuaries wherein 
bodies may be kept foi> identification, and must pror 
vide proper accommodation for inquests. 

Appointment of M.O.H, must not be for a limited 
period only. It is not terminable by the S.A. without 
the consent of the L.O.B. The K.O.H. must live in 
his district, or within a mile of the boundary. He 
must be qualified as stated on p. 546. 

Sanitiuy Inspectors appointed after Januaiy 1st, 
1895 (if they have not held office as sanitary inspector 
during three consecutive years prior to that date in a 
2 P 
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London diatrict or in an urban district outside London 
with a population of not less than 20,000), must hold a 
certificate of competence srauted after examination 
by such body as the L.Q B- may from time to time 
approve.* ' 

Default of 8<A. —In the event of default of the S.A. 
with resppct to the removal of any nuisance, the insti¬ 
tution of any proceedings, or the enforcement of any 
bye-law, the County Council may aet in their stead, 
and recover the expenses from the S.A. If the B.O.B. 
are ^tisfied, upon complaint from the County Council 
and after due inquiry, that the S.A. have made default 
in canying out any part of this Act, they may order 
the S.A. to perform the duty within a specified time; 
and if this is not done, the order may be enforced by 
mandamus, or the B.Q.B. may appoint the County 
Council to perform such duty, at the,cost of the S.A. 

Bye-laws.—The London County Council mmt 
make bye-laws— 

(1) A8 to the time and 'manner of conveying 
offensive matters by road or water. 

(2) ^ As to the closure and filling up of cesspools 
and privies, rem -val and disposal of refuse, and duties 
of householders in facilitating removal of house 
refuse. 

r (3) As to water-closets, earth-closets, ashpits, cess¬ 
pools, and receptacles for dung, and the proper acces¬ 
sories thereof in connexion with new or old buildings. 

They may also make bye-laws as to the conduct of 
certain offensive trades, the buildings in which they 
are carried on, and the mode of application for sanction. 
These trade- are felimonger, tripe-boiler, slaughterer 
of cattle or horses ; but other businesses may be after¬ 
wards added to the list. 

Every London S.A. mutt make tmd enforce bye- 

* Bach sundiutlosl Are now condaoted And certiflCAtAS iBAued by the 

0Mitei7 Inepeotore'azAtninitlon Bo|pd.* . ^ 
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laws relating to nuisances and keeping of animals, 
houses let in lodgings, and also the following:— 

(1^ For the prevention of nuisances arising from 
offensive matter running out of any manufactory, 
brewery, slaughter-house, knacker’s yard, butcher’s or 
fishmonger’s shop, or dunghill, into any uncovered 
place, whether enclosed or not. • 

(2) For the paving of yards and open spaces in 
connexion with dwellings. 

(3) For securing clesnliness, and freedom from 
poliution, of tanks, cisterns, and other receptacles 
of drinking-water. 

(4) For maintaining the efficiency of flush for 
water-closets. 

The 8.A, may also make bye-laws relating to ship- 
bome infectious oases, public conveniences, mortuaries, 
and inhabited t^nts and vans. 

The London Building Act, 1894, is a con¬ 
solidation Act amending various enactments relating 
to streets and buildings in the metropolis. The Act 
is divided into an introduction and fifteen Parte, 
dealing with the formation and widening of streets, 
lines of building frontage, naming and numbering of 
streets, heights and construction of buildings, tempo¬ 
rary, dangerous and neglected structures, sky-signs, 
and a number of similar miscellaneous matters. Some 
duties under the Act, such, for instance, as respect 
wooden structures, and in relation to the removal of 
obstructions in streets, are to be exercised by the 
l^rough Councils; otherwise the Act is administered 
by the London County Council. 

An Amending Act was passed in 1898 dealing 
with building extensions, fore-courts,. the height of 
working-class dwellings, etc. 

’The Cleansing of Persons Aet, 1899, 
gives power to 8.A. to pfovide cleansing facilitieB 
nee of charge (not to be considered as parochial 
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relief or charity) to persona infested with vermin, 
fn practice such cleansing includes a l)ath and disin¬ 
fection of clothes. 

The Public Health (Regulations as to 
Food) Act, 1907 , amends the Publit; Health Act of 
1896 hy giving power to the Xi.G.B. to make regula¬ 
tions autl^orizing measures to bo taken for the preven¬ 
tion of danger arising to public health from the impor¬ 
tation, preparation, storage, and distribution of food 
or drink (other than drugs or water) intended for 
sale /or human consumption. The Act applies the 
methods of control which, in pursuance of an earlier 
series of enactments, have long been in successful 
operation with respect to infectious disease. These 
enactments include s. 130 of the Public Health Act, 
1875, as amended by the Public Health Act, 189^, 
and as extended to London by Section 113 of the 
Public Health (London) Act, 189V. The L.G.B. 
have made two sets of Regulations under the Act, 
one called “ The Public Health (First Series: Un¬ 
sound Food) Regulations, 1908,” and the other “The 
Public Health (Foreign Meat) Regulations, 1908.” 

(a) The Public Health (First Series: Unsound 
Pood) Regulations, 1908, have been framed with the 
object of securing that articles of food^which are unsound, un. 
wbolesume, or unfit for human consumption, and which, as 
part of the cargo of a ship, are brought to a place in this 
country either as a place of destination or of deposit for trans¬ 
mission to a placo of destination” elsewhere in the United 
Kingdom, shall be dealt with at the port of discharge. Powers 
of inspection are confened upon the or any duly 

qualified medical practitioner or other person appointed or 
employed by the 8.A. to act in the execution of the Regula¬ 
tions. Notices or certificates in writing should only be given 
by the H.O.H. or his assistant. 

The M.O.H. is authorized to examine article of food which 
have been landed within the district of the S.A-> or before they 
have been landed, necessary facilities being given for the 
purposes of his examination in the matter of convenient 
arrangement, unpacking, and Hke, acd for a warmnt to 
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eater premisoB in special cases. It will be bis object not only 
to examine under the conditions which are most favourable to 
efficient inspection, but, in the ease of perishable articles and 
foodstuffs in course of transit, so to conduct the examination as 
to avoid any needless detention of aoods or unnecossary incon¬ 
venience to the‘'traders concerned. For special examination 
(e.g. in the laboratory), powers of sampling are conferrecL 
The Bc^rd consider it im^iortant that samples of foodstuffs, 
which themselves possess a materia! money valus, should be 
taken only in cases where there is substantial reason for this 
courae, and would recommend that a record should bo kept of 
the nature and method of disposal of any such samples. 
Vouchers in respect of special samples thus taken should be 
supplied in all cases on the request of tbo owner or other peraon 
having charge of the goods. In certain circumstances the ex¬ 
amination of un article of food by an officer of the 8.A. shall 
not be made without the consent of the Officer of Customs. 
The Officer of Customs is, however, required to afford facilities 
for such examination, and the M»O.H. should confer from 
time to time, as circumstances require, with the Collector or 
other Chief Officer of Customs acting in his district, so as to 
secure co^operatidh between the officeis concerned. 

Under Article iv. the M.O.H. is empowered, himself or 
by an assistant, to seize and carry away an article of food 
which, in his opinion, is unsound or unwholesome, or unfit Tor 
human consumption, in order that application may be made to 
a Justice for an order of condemnation. Alternatively, the 
M.OtHi, by notice to the importer or to any other person 
having charge of the article, may require that until it has been 
examined by a Justice it shall not be removed from the place 
specified in the notice without permission. The Justice, if 
satisfied as reg(trds the unsoundness of the particular food 
concerned, is required to condeoin the food and order* its 
detraction or its disposal under the supervision of the M.O.H. 
by such means and in sudh a manner as to prevent its Wing 
used for human consumption. If, however, evidence satis¬ 
factory to the Justice is adduced that the food in question, 
although unsound, is not intended for sale for human oott- 
sumpti^ W is requirad to make an order dismissiM the 
complaint. In the case of any uticles which the HtO.n* has 
seized and carried away, it is desirable that he should afford 
all facilities whiW the oin umstances may peranit to the im¬ 
porter wW wishes to make his own examination of the foods 
m auestion. The B.Ai must keep for a period of not less than 
twelve months a record of any article of food destroyed or dis¬ 
posed of in pursuance of the Begulations. An abstract of theK 
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records should be. fur&ished by the H.O.BC. in hit annual 
report, together with an account of proceedings which have 
taken by him under the Kegulations. 

(b) llie Public Health (Foreign Meat) Regula¬ 
tions* 1908* are dosigned to d< al with foreign boneless meat 
wUch is imported in the form of scraps, trimmings, or other 
pieces not sufficiently idotitifiable witn definite parts of a 
carcass, and which has not before importation been made 
ready for human consumption in the form of a saasa^, or of 
another pre^red or manufactured article of food; with im* 
ported tripe, tongues, or kidneys to which certain chemical 
preservatives have bwn applied; and with severed parts of a 
pig.not prepared before importation as bHCon or ham, and not 
contaiped in a package with an official certificate ** unopened 
on it or attached to it. These meats are classed together in 
the Regulations as ** Foreign Meat of Glass I.,” and unless the 
im^rter of meat of this class exports it at his own expense, 
or zurnishes proofs, in the manner prescribed by the Begnla- 
tioas* that it is not intended for sale for human consumption, 
the mrat is required to destroyed. 

With a view to stopping the importation of carcasses of pigs 
from which the lymphatic glands about throat and dse- 
where are absent (thereby preventing the detection of evidence 
of tuberculosis and other disease in the carcass), the Regulations 
provide that^rcasses of pigs, not pfepaied as bacon or ham, 
whidb are imported without the lymphatic glands, and from 
which the heiM has been removed (Foreign Meat of Glass ii.). 
shall be dealt with in a similar manner to Foreign Mrat of 
Class i, . 

Foreign Meat of Class iii. consists of the severed ^rts of 
a pig, not prej^ed as bacon or ham, find not being ^orei^ 
MMt of Oral., but contained in a package with an *<ofii(^ 
ceilificate*’ atta^ed as evidence that the pig from which the 
meat is derived Jias been certified by a competent authority in 
the plade of origin to be free frdm disease at the time oi 
ilanghter, and tnat the meat has been certified by tho like 
autlmrity to have been dressed or prepared, and packed with 
the needful ofaeerrance of all requlrmnents for the preveotiOQ 
of dangor arising to public health from tbe meat as an article 
of loodA After necessary communications with the responsible 
authorities of the countries concerned, the Board defined and 
published the ** official oertillcates ” wUrii sue to be accepted 
for this purpose (Circulars, 1909-10, Foreign Meat, Nos. 3,4* 
6,6, and 7). ^ 

A furUier objedl of the Regulations is to provide means by 
which foreign meat generally whichis diseai^ unsoond, hn* 



xvm] NOTIFICATION OF BIRTHS d4T 

wholesome, or unfit for human consumption, may be detected 
and dealt with by public health authorities at the place of 
importation. 

Powers of inspection for the purposes of the Kefotlutions 
are conferred as for the Public Health (First Series: Unsound 
Food) Begulation^. 1908. The KeguUtions require by Article 
HI. (2) that the Officer of Customs shall cause to be detained, 
for examination the M.O.H* of the S.A»> any foreign 
meat which aceording to the best opinion which, in the cir¬ 
cumstances of the case, his knowledge enables him lo form has 
the charaoteristicB of foreign meat of either Cless i. or Class ih 
If he finds that the cai^o comprises Foreign M^t of Class lii. 
or Foreign Meat Unclassed he may allow it to be removed 
unless he is of opinion that the meat requires eiamination by 
the M.O.H. 

It is the duty of the to examine the meat and to 

give either a notice forbidding its removal for any purpoi^ 
other than exportation, or a certificate that it may be removed. 
But he is not to give a certificate and must ^ve a notice 
as re^ds Foreign Meat of Class i. or Class ii., and also as 
regaz^ Foreign Meat of Class iii. or Foreign Meat Unolassed* 
if it is, in his opinion, notwithstanding the official certificate, 
diseased, uosouQA unwholesome,-or unfit for human consump¬ 
tion. (Definitions of meat detained or examined under these 
Regulations are furnished in a Circular of the 
Deo. 12, 1908). 

The NoUflcation of Births Acttl90T, is an 
adoptive measure passed with the view of assisting 
indirectly in the reduction of infant mortality* It 
provides, where adopted, for notification in writing to 
the lCiO«S* within thirty-six hours of the occurrence 
of a birth. The duty falls either on the fatbe*** of 
the child or any persop attending the mother at the 
time of or within six hours'of the birth. The 8*A« is 
to supply without fee stamped forms of notification. 
.Penalty for uon-compiiauoe is 208. This x|Ot^<»tio& 
is in addition to and not in substitution bf ordinary 
birth registration. A certifiable birth ia defined as 
*Uny <Md which has issued forth from its mother 
after the expiration of the twenty-eighth week of 
pr^oanoy whe^er alive on dead.” The niay be 
adopted bv a resolution of the 8*Ai which most 
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‘ receive the sanction of the £.O.B. and be advertized 
in the district. Any S.A.. including County Councils 
except the County of London, may adopt the Act, or 
the L.Q.B. may, by order, declare the Act in force in 
any area they think expedient. TUe Act has been 
..adopted veiy widely in boroughs and urban districts. 

The of Births (Extension) Act, 

’ 191A, ektended and made compulsory the Act of 
■ 1907 throughout the country. Under s. 2 it provides 
for making arrangements for the care of expectant 
mothers, nursing mothers, and young children, and 
with this object in view empowers the S.A. to co.opt 
women members and persons who are not members 
.:of the iS.A, 

The London County Council (General 
Powers Act), 1907, gives power to the L.C.C. to 
take samnles of milk for examination for the presence 
of tubercle bacillus. If it be found, provision is 
made for inspection of cows, and cause must be 
shown by the dairyman why the sale of the milk 
should not be prohibited. If such a prohibition 
order be made without due cause, the dairyman is 
entitled to compensation. Every dairyman selling 
milk within the county must notify the presence of 
tuberculosis in his cows; The sSme Act provides for 
tl(e examination of school children for uncleanliness 
and vermin, and, if necessary, compulsory cleansing 
of the body and clothing.. The same powers are given 
for cleansing inmates of common lodging-houses. 

Chlldreit Act, 1909, —This Act is a composite 
enactment to consolidate the law relating to infant 
life protection, the prevention of cruelty to children, 
reformatory and industrial schools, and juvenile of¬ 
fenders, with additional powere concerning juvenile 
smoking, the cleansing of verminous children, safety 
of children at entertainments, and giving intoxicating 
liquors to children. 
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Infant life protection. — Persons undertaking 
nursing and maintenance of one or more infants under 
7 years of age must give notice to the local Authority, 
who shall inspect periodically and fix the number of 
infants which "may be retained, and remove “tea 
place of safety ” infants neglected or improperly kept. 

Prevention of cruelty to children.— S. imposes 
penalties for wilful assault, ill - treatment, neglect, 
abandonment, or exposure of children likely to cause 
suffering or injury to health (including injury to or loss 
of sight, or hearing, or limb, or organ of the body and 
any mental derangement). Neglect includes failure 
to provide adequate food, clothing, medical aid or 
lodging. Where it is proved that the death of an 
infant under 3 years of age was caused by suffocation 
in bed with some other person over 16 years of age 
(so-called “overlaid”) and the other person was 
under the influeice of drink, such person is deemed to 
have neglected the infant (s. 13). Penalties are also 
imposed on persons allowing children to beg, or reside 
in of frequent brothels, or be in rooms containing in- 
sufliciently protected fire-grates. 

Children and Intoxicating liquors. — Persons 
may not give intoxicating liquor to children under 6 
years of age except on medical advice or urgent sick¬ 
ness, nor may the occupier of licensed premises allow 
a child under 14 years of age to be in the bar. 

Cleansing of verminous children. —A local Eldu- 
cation Authority may direct their medical officer or 
school doctor, or other person authorized by him in 
writing, to examine the person and clothing of any 
child attending a public elementary school; and if 
on examination the child is found to be infected 
with vermin, or is in a foul or filthy condition, the 
authority may give notice to the guardian or parent 
requiring the child to be cleansed within twenty-four 
hours. If the parent fails to comply, the child may be 
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removed and properly cleansed in suitable premises 
and detained until cleansing is effected. If the S.A. 
have the use of cleansing appliances or premises, the 
education authority may use them for this cleansing. 
When a child so cleansed is allowed again to get 
filthy, the parent or guardian becomes liable to a 
summary conviction or a fine. 

PubVic Health (Prevention and Treat¬ 
ment of Disenae) Act, 1013.— S.l declares that, 
notwithstanding s. 281 of the Public Health Act, 
1875, the L.Q.B. may authorize a S.A. liaving 
jurisdiction in any part of a united district to exer¬ 
cise in relation to that part any powers which the 
joint Board are also authorized to exercise, subject 
to conditions and restrictions imposed by the Order. 

S; 2 gives tlie B.O.B. power to declare that one 
of the authorities lo execute and enforce regulations 
under s. 130 of the Public Health Act, 1876, with 
a view to the treatment of persons alfected with 
cholera or any other epidemic, endemic, or infectious 
disease, and preventing the spread of cholera and 
such other diseases, shall be the County Council. 

S. 3 makes it lawful for the County C junoil or 
any S.A. to make any such arr^ingements as may 
be sanctioned by the B.O.B, lor the treatment of 
tuberculosis. 

‘ National Insurance Act, 1911.— Insurance 
against ill-health is compulsory under the Act for 
all employed persons between certain ages and within 
certain financial limitations, but persons in receipt of 
a pension (if j 626 or more, oi' who are ordinarily de¬ 
pendent on some other person, may claim exemption 
(s. 0). Further, any person under 65 who works on 
his own account or for other reasons is not obliged to 
be insured, may, subject ti the income limit of ;£16d, 
insure himself.BB la Voluntary Contributor (a 1). The 
contributions in return for ^hich insurwl. persons 
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receive benefits under the Act are payable jointly by 
employers, insured persons, and the State, the State 
contributing two-ninths of the cost of benefits and 
their local administration in the case of men, and 
one-fourth in the case of women, as well as bearing 
the whole cost of central administration (ss. 3-7). 

While insurance under the Act is compulsory, the 
individual insured person is not compelled to* join an 
Approved Society, nor is any Society compelled to 
accept him as a member if it has any reason for not 
doing so. Insured jrersons who do not belong to an 
Approved Society are known as Deposit Contributors, 
and their contributions are credited to them in a 
“Deposit Contributors Fund.” The governing prin¬ 
ciple of the scheme of Deposit Insurance i.s that the 
contributor is dependent for his benefits on his own 
contributions, increased by the usual Exchequer con¬ 
tribution. His bbnefits are administered by Insurance 
Committees, and are paid out of the sums standing to 
his credit in the Deposit Contributors Fund (a. 42). 

The benefits conferred by the Act (s. 8) are— 
(1) medical henejit; medical treatment and attend¬ 
ance, including the provision of proper and sufficient 
medicines and such medical and surgical appliances 
as may be prescribed by regulations made by the 
Insuwce Commissioners; (2) ematorium heruJU; 
tr^tment in sanatoria or other institutions or othdb- 
wiae when suffering from tuberculosis, or such other 
diseases as the li.O.B. with the approval of the 
Treasury may appoint; (3) akknm beneJU: periodical 
payments whilst render^ incapable of work by some 
specific disease, or by bodily or mental disablement, 
of which notice has been given, commencing from 
the fourth day after being so rendered incapable of 
work, and continuing for a period not exceeding 
twenty-six weeks; (4) tUtablmerU benefit :■ in the 
case of the disease or disablement continuing after 
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the determination o£ sickness benefit, periodical pay¬ 
ments so long as so rendered incapable of work by 
the disease or disablement; (5) maternity benefit: 
payment in the case of confinement of the wife .or, 
where the child is a posthumous child, of the widow 
of an insured person, or of any other woman who is 
an insimed jrerson, of a sum of 30s.; (6) additional 
benefiteyeontmgent upon the financial condition of the 
Approved Society), e.g.; (a) medical treatment and 
attendance for any persons dependent upon the lidionr 
of a member; (6) payment for dental treatment; (e) an 
increase of maternity' benefit; (d) payments to members 
not allowed to attend work on account of infection. 

Qualifying conditions are attached to the receipt 
of full benefits under the Act. There is a minimum 
period during which a contributor must have been 
in insurance, and a minimum number of contribu¬ 
tions to be paid before a contributor is entitled to 
benefits, other than medical and sanatorium benefits 
(s. 8). -Benefits are liable to reduction when insured 
persons are in arrear with their contributions, but 
alldwance is made in cases where arrears are due 
to some particular hai-dship such os unemployment 
(s. 10). Sickne.ss, disablement, and maternity bene¬ 
fits are administered, in the c&se of insured persons 
who are members of an Approved Society, by and 
through the Society, and, in the case of Deposit Con¬ 
tributors, by and through bodies set up under the Act 
in each county or county borough, called /nsrtronce 
Committees (s. 14), by whom medical and sanatorium 
benefits are administered for all classes of insured 
persons (ss. IS, 16, 69). 

In 1913 an amending Act was passed. This Act 
was prepared as a result of some eighteen months’ 
experience in the administration of the 1911 Act, 
the chief objects being to secure (1) administrative 
simplification and economy; *(2) improvement of the 
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[josition of the insured person without incurriug 
gre# additional expense. Under this Act |)ersons 
whb have claimed exemption from insurance may, 
subject to certain conditions, receive medical and 
sanatorium benefits, and by a further amending Act 
of 1917 these benefits are also made available, under 
conditions prescribed by the Insurance Commissioners, 
to nninaured discharged soldiers and sailors. 

Administration of medical benefit.—IHach In¬ 
surance Committee forms a panel of medical prac¬ 
titioners and also of the chemists in its area, who 
are willing to treat and serve insured ireraons at a 
.scale of remuneration and under conditions agreed 
upon with the Committee. All arrangements made 
by the Committee are subject to the approval of the 
Commission (s. 15). 

Originally, the sum of fis. per insured person per 
annum was assudled as the cost of medical benefit— 
Is. Gd. for the payment of the doctor, and Is. 6d. for 
drugs and appliances. In view of subsequent con¬ 
cessions this sum of 6s. was found to be inadequate, 
and was raised to 8s. 6d. A minimum of 6a. 6d.— 
or, taking into account a sum of 6d. allocated from 
sanatorium benefit funds for the domiciliary treat¬ 
ment of tuberculosis, a minimum of 7s.—was definitely 
assigned to the fund for the payment of the doctors, 
while the balance, 2s., was charged primarily wiUi 
the cost of drugs, medicines, and appliances. Any 
residue of this Wance up to fid. reverts to the 
doctors, whose remuneration fund thus fluctuatia 
between 7 b. and 7s. 6d. per insured person. 

Administration of sanatorium benefit. —Insur¬ 
ance Committees have charge of the administration 
of sanatorium benefit for all insured persons in their 
area who are entitled to such benefit, whether mem¬ 
bers of Approved Societies or Deposit Contributors, 
snd for that purpose it is their duty to make arrange- 
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ments, to the satigfoction of the Insurance Commis¬ 
sioners, for the treatment of such persons, when 
suffering from tuberculosis or such other diseases 
as the li.O.B. with the approval of the Treasury 
may appoint. Treatment for purpohea of sanatorium 
benefit may be given (1) in sanatoria, hospitals, or 
other residential institutions, (2) at tuberculosis dis- 
f ensaries, or other non-residential institutions, or (3) 
in the patient’s home. 

Insurance Committees are not empowered by the 
A<!t themselves to provide institutions. Their duty 
is to make arrangements with suitable persons or 
local Authorities (other than Poor-Law Authorities) 
for this purpose, and all such arrangements are re¬ 
quired by the Act to be made to the satisfaction of 
the Commissioners. Moreover, the sanatoria or other 
institutions must be such as are approved by the 
L.O.B.) and (he treatment to be given by persons 
or local Authorities, otherwise than in institutions, 
must Ire in a manner approved by the XsQ-B- (b.I6), 

Each Insurance Committee has, as its oidinary 
income for the provision of sanatorium benefit, a sum 
of Is. 3d. per annum on account of each insured 
person for the administration of whose benefit the 
Committee is responsible, ^he sum of Id. per 
insured person per annum provided by Parliament 
is applied to purposes of research (s. 16). 

The Finance Act of 19S1 made available a sum 
of r£l,600,000 for the purpose of the provision of 
and making grants-in-aid to sanatoria and other 
institutions in the United Kingdom, which sum is 
apportioned between England, Wales, Scotland, and 
Ireland in proportion to their respective populations 
loootding to the census of 1911. 

Tlie mental Deflclency Act, 1918. —The 
object of thh Act is to make further provisioii for 
Uie care and control of ^certain classes of mentally 
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lefectire persona, viz. idiots, imbeciles, feeble-minded 
persons, and moial imbecilea S.1 defines the degree 
of mental defectiveness comprised in each class. 
Defectives can only be dealt with at the instance of 
i parent or guftrdian, except those who come within 
the categories set out in a. 2 (1) (5). 

The methods of dealing with defectives ,are two¬ 
fold : (1) the voluntary notion of their parents or 
guardians (s. 3), and alternatively (2) the action of 
local Authorities, of Courts of criminal jurisdiction, 
orofthe Sectetary of State (ss. 5, 8 and 9). The Act 
seta up as Central Auihority the Board of Control 
and defines its general powers and duties (ss. 21-26). 
Its local administration is placed in the hands of 
local Authorities (County and Borough Councils). 
Under s. 25 the Board of Control is empowered 
(1) to exercise general supervision and control over 
defectives, the administration by local Authorities 
of their powers and duties, and of their provision of 
institutional treatment and guardianship j (2) to 
visit defectives in institutions, homes, or under 
guardianship; (3) to provide and maintain institu¬ 
tions for de'ectives of dangerous or violent pro¬ 
pensities ; (4) to take such steps as may be necessary 
to ensure the provision of suitable treatment; (8) to 
make annual reports; and (6) to administer grapta 
provided by Parliament. The general duties of 
local Authorities are ‘briefly (s. 30) to ascertain 
what pernns within their area are defective; to 
provide supervision and protection for them; to 
provide suitable and snfiBrient acermmodation for 
persons sent to certified institutions, and guardian¬ 
ship for others, and to appoint officers and furnish 
annual or special reports to the Bo rd of Conti ol. 
The Secretary of State is empowered to make regu¬ 
lations with respect to the certification, approval, 
management, and visitation of institutions and homes 



656 


SANITARY LAW 


and the treatment of patients detained or under 
guardianship, and to administer grants-in-aid. 

Defective children. —Under ss. 2 (2) and 31 the 
duties of Local Education Authorities for dealing 
with defective children over seven years of age 
are laid down. The arrangements made by Local 
Education Authorities are subject to the approval 
of the fcoard of Education. Tlrcy must ascertain 
what children within their area are defective and 
what children are incapable of receiving benefit in 
special schools or classes, and notify to local Authori¬ 
ties’ the names and addresses of such children. 

In pursitance of the powers vested in them, the 
Board of Education issued the Mental Deficiency 
(Notification of Ohildreit) Regulations, 1914, and 
model arrangements under s. 1 (1) of the Elementary 
Education (Defective and Epileptic Children) Act, 
1899, and s, 31 (1) of the Mental' Deficiency Act, 
1913. These regulations and model arrangements 
prescribed the procedure to- bo followed by local 
Education Authorities and such of their qualified 
Medical Officers (one of whom must be the School 
Medical Officer) as are approved by the Board of 
Education to act as certifying officers. It is their 
duty to examine every child feferred to them by 
Head Teachers, School Attendance Officers, and 
Medical Officers as incapable of receiving benefit 
from the instruction provided, and furnish the local 
Education Authority with a certificate in prescribed 
form with a full report. The local Education 
Authority must then deal with the child, reporting 
to the Board of Control if it is incapable of educa¬ 
tion, providing for its education if it is capable of 
receiving benefit. (Elementary Education [Defective 
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CHAPTER XIX 

THE HOUSING QUESTION 

Among the chief factors affecting the health of a com¬ 
munity is that of housing, regarding which there are 
two main issues—^1) the sufficiency, or otherwise, of 
house accommodation, and (2) the sanitation, or other¬ 
wise, of the existing accommodation. There is evi¬ 
dence that the population has grown proportionately 
more than the necessary dwelling-houses. In urban 
districts dwelling-houses have given way to business 
premises, or the ipcreaae of population by migration 
and births has outrun the number of new houses; in 
rural areas, worn-out, dilapidated, and closed cottage 
property has not sufficiently been replaced. There is 
thus a thortnge of dwelling-house accommodation in 
town and country, which leads to many social and 
medical problems. In addition to shortage there is 
also much insanitaiim of such degree as to make the 
house unfit for habitation. Chief among such condi¬ 
tions are—bad structure; insufficient cubic capacity^ 
lighting, or ventilation; absence of, or unsatisfactory, 
water supply or sanitafy convenience; dampness; 
dilapidation; defective rain-water, waste, or closet 
drainage; or insanitary curtilage, outbuildiniM, or 
yard. The overcrowding of houses per acre, and their 
relative position to each other, may also make them 
uninhabitable. 

Evidence of bad honalnd.— In representing 
to the S.A. the condition of housing in hh area, the 
X.O.K. may be called upon to fhrnish evidence ot 
unsatisfactory house accommodation, and in so doing 
2 <1 : 667 
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he should not only be able to classify dwelling-houses 
(nee p. 215) and report on each respectively, but should 
consider his area as a whole. The principal items of 
evidence are three; (1) structural signs of insanitation, 
named in the preceding paragraph ; '(2) the health, or 
otherwise, of the-population accommodated; (3) social 
conditions (e.g. police returns, overcrowding, access to 
workplace). The effect of l)ad housing on the health 
is indicated; (a) By diminished personal cleanliness 
and hygiene, leading to debility, fatigue, unfitness, and 
diminished powers of resistance. The Housing Com¬ 
mission of 1885 reported that, in districts of poor 
housing, workmen lo.st on an average twenty days in 
the year from “ exhaustion ” and inability to work. 
(6) The sickness-rates are relatively high, particularly 
for infectious, contaginu.<i, and respiratory diseases, 
(c) The death-rates are high—zymotic, infant-mor¬ 
tality, and the general death-rate. The expectation of 
life is lowered. If and when such evidence presents 
itself the 3C.O.K. must report to the B.A. and make 
recommendations for remedial action. 

While the housing problem is complex, and differs 
in different areas, the principal requirements are; 
(o) a sufficiency of convenient dwelling-houses at low 
rents, (6) adequate access to available and cheap land, 
fnd (c) improved means of communication. Since the 
Housing Commission of 1885 the Legislature has pro 
vided statutory means both for closure of houses un6t 
for habitation and for the erection of new onea Thus 
the Housing of the Working Classes Act, 1890, was 
divided into several -parts, dealing respectively with 
unhealthy areas, uninhabitable houses, and new ac¬ 
commodation. It was amended by the Act of 1909, 
which also provided in particular for facilitating town 
planning. 

Houainfc ol the working claasea.— The prin¬ 
cipal objects to be kept i^ view are ; (a) the improve- 
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ment or cleai'ance by the SiA« of unhealthy areas by 
means of improvement or reconstruction schemes or 
the removal of obstructive buildings, (6) the mainten¬ 
ance of liouse sanitation, and (c) the provision by the 
SJh. of sufficient and suitable houses for the working 
classes. Workmen’s dwellings and. tenementrhouses 
are sanitary or insanitary usually on thi-ee grounds 
—constiniction, usage, and the relation of cohtiguoui 
buildings. 

(a) Construction.— The two possible types are the Mlf’ 
contained house and the tenement (or block of occu' 
paocies); the former is usually to be preferred. The 
number of houses to the acre will depend on the size, 
situation, and character of the site and the houses. 
Ijong rows and narrow frontages should bo avoided, 
and small gardens or forecourts allowed for. The type 
of dwelling adapted to an ordinary working-class family 
of five persons should comprise a living-room, scullery 
(with bath), food store, three bedrooms, and neewisary 
ofiices. The neight of the rooms need not exceed 8^ ft., 
and the window area t^hould bo not less than one-twelfth 
of the floor area. Many workmen's dwellings are ill- 
constructed and without adequate sanitary provision. 

(A) Usage. —Other workmen’s dwellings Mcome inmni- 
tary owing to misuse or domestic unoleanliness. In 
large towns the self-contained house becomes a tene¬ 
ment-house, and such misuse leads to insanitation; or a 
dwelling-house is used partly as a workplace, orisoYM*- 
crowdea, or the back yard or forecourt is built over or 
used for trade purposes. 

{c) Contiguous buildings.— Whore land is costly 
there is a tendency topyerbui Id per acre, and the houses 
obstruct each other. Factories are built, and, in effect, 
houses become “ back to back.*’ 

Houslug of the Working Clauses Act, 

l§90t —Part I. deals with unhealthy areas, and is applicable 
in urban districts only. It is the duty of the to 

make an official representation to the 8.A#, whenetrer he sees 
cause to do so, that within a certain area either (a) any houses 
or courts are unfit for habitotion, or (d) the baa arrungemenib 
or condition of the streets or houses, or the want of Ugh^ 
ventilation, or proper conveniences, or any other sutiUry 
delects, are dangerous to the healffi of the ishahitanti, and 



660 THE HOUSING QUESTION [chap. 

that the evili cannot be effeotoailjyr remedied otherwise than 
by rearrangement and reconstruction of some or all of the 
streets or houses. The 8.A. must consider this representa¬ 
tion, and if satisded of the truth thereof, and of the sufficiency 
of their resources, must declare the area to be an unhealthy 
area, and frame an improvement scheme:' The scheme may 
exclude any part of the area, or include any neighbouring 
lands. It must provide for proper sanitary arrangements, and 
may proyde for widening the approaches, or otherwise open¬ 
ing out the area. Due publicity having been given to the 
scheme in a specified manner, opplication is to be made to the 
^^oonSrming authority” for a provisional Order. The Con« 
firming Authority (the L.G.B.)> if it approves the scheme, 
directs a local inquiry to be held respecting the correctness of 
the official representotion and the sufficiency of the scheme. 
In London, accommodation must be provided in or near the 
area for IJie whole number displaced, unless the Order decrees 
otherwise; under certain conditions the Order may accept in 
substitution equally convenient accommodation not in or near 
the area, and may dispense with the obligation to any extent 
not exceeding one*half. Outside the metropolis such provision 
is only compulsory if (and to the exteifc) prescribed by tiie 
Order. In assessing the value of property, no additional 
allowanqs for compulsory purcl^se is to be made in regard to 
any unhealthy portion of ^e area; and evidence may be given 
showing that the promises are (1) unfit for habitation, and 
ofuinot reasonably be made fit: or (2) in bad repair, or in an 
insanitary condition; or (3) that the rental is enhanced by 
reason of overorowding or use for illegal purposes. In the 
fint case the compensation is to he based upon the value of 
the land and building materials only; in the second, upon the 
^ue after allowing for the cost of necessary repairs; in the 
fnin^ upon the value apart from such ille^l use. After the 
provisional Order has been confirmed, it becomes the “ Con¬ 
firming Act,” and is executed by the local Authority, who take 
it^ to receive and adjudicate upon claims, if necessary sub¬ 
mitting them to arbitration. 

Upon complaint by two Justices, or twelve ratemyers, the 
If.O.H. must inspect and report upon any area. If he flails 
to do so, or reports (hat it is not an unhealthy area, such rate¬ 
payers may appeal to the confirming Authority, who 
then appoint a medical practitioner to inspect the area. If 
the la^r i^rts^that it is an unhealthy area, the S.A* are 
required to prepare au improvement scheme. In any case, if 
the S*A. nuttse or fail to prepare a scheme upon receipt of an 
oiBoiid representation, they r^sf^ report the facts to the oon- 
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tinning Authority, who may then order a local inq^y to he 
held. 

Part II. applies to rural as well as urban distrit^, and 
rdates to unhealthy or ohatrwtive dwellingaf and has been 
amended in the Act of 1909. Upon written complaint from 
four or more householders that any dwolling is unfit for habi- 
hitioD, the M. O. H. must inspect such house, and report to 
the S.A. If the 8.A. (not being a rural S.A., or in the 
county of London) fail to tako action within three, montba, 
the complainants may appeal to the L.Q-.B., who iuay, after 
local inquiry, order the S.A. to proceed. If the H.O.H. 
finds that any building—though not in itself unfit for habita¬ 
tion—by its proximity to other buildings, either (a) stops 
ventilation, or otherwise conduces to make them unfit for 
habitation, or (&) prevents the proper remedy of any nuisance 
or other evils in respect of such other buildings, he must make 
a representation to the S.A., stating that in his opinion the 
olistructive building should bo pulled down. A similar re¬ 
presentation may be made by any four or more inhabitant 
householders. In either case the S. A. must make inquiry as 
to the facts, and as to the cost of acquiring the land and 
pulling down the b«ilding. If thoy decide to proceed, the 
8. A. con make an order for the demolition of the building, 
after giving tho owner an opportunity of stating his objfKitioni^ 
and subject to appeal to Quarter Sessions. 

The S. A. may prepare a scheme for dedicating as a high¬ 
way or open spaci!, or appropriating or uxchanging for the 
eroction of working-class dwellings, the site of any building 
ordered to be demolished under Part ii., if it appears to them 
that it would benefit the health of the inhabitants of the 
adjoining houses. They may also prepare an improvemout 
scheme for any unhealthy area too small to be dealt with under 
Part I. Such schemes require confimation by pro^onai 
Order of the L.0.B. after a local inquiry, and with or with¬ 
out modifioation. The Ord9r may requ^ proviuon to be 
made for the accommodation of persons of the working olAsses 
displaced. 

In the Oounty of London, Part i. is entrusted to the Oounty 
Council and it. primarjly to the Borough Councils. 

Part III. authoriEes the 8. A. to provide lodging-houses for 
the working classes, subject to tlm sanction of the as 

regards nrMn authorities, and of the County Council in rural 
districts; uid to make bye-laws respecting such hoimes. S^or 
the admioiitration of this Part of J^ie Act it was neoessgry qp 
to 1909 for the 8.A. to adopt it. Part iv. contains 
mental prqviiions. 
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Housing of the Working Classes Act, 1900. 

—This Act amended Part iii. of tho Act of 1890, It allows 
Urban B.A. which has adopted Part iii. to establish or 
acquiro Iodj 2 ^ng«hou 8 os for the working classes outside their 
district. 

An Uil»n S.A., with the consent ot^the L.G.B., and a 
Rnial S.A., with the consent of the County Council, may-lease 
any land acquired by them uoder and for the purposes of Part 
III. to lessee for tho purpose and under the condition that 
(die lessee will carry the Act into execution by building and 
inaintaining on the land lodging-houses within the meaning 
of the Act. 

The Housing of the Working Classes Act, 
1003, extends the maximum period for the repayment of 
loans raised for the purposes of those Acts to 80 years (from 60), 
leaving the actual period for rcimymcnt, subject to this limita¬ 
tion, to be determined with the sanction of the Zi. Q.B. 

The Board propose as a general rule to allow the full temi 
of 80 years for the repayment of bians for the purchase of 
freehold land, and 60 years for the repayment of loans for the 
erection of buildings, where the circumKtanoes are such that 
this may properly be done. 

The powers given to tiie Board to direct a local inquiry to 
be held^and a report made to them as to the correctness of the 
official represtmtation (when tlie S.A. has taken no action) 
are supplemented by s. 4 (1) of the 1903 Act. If, on report 
made to toem after inquiry, they are satisfied that a scheme 
ought to have been made for the improvement of the area to 
which the inquiry relates, or some part thereof, they can order 
the B.A. to mase such a schenm funder either Part i. or 
Part n.). 

A more speedy and officacious way of obtaining possession 
of a house in resj^ct of which a closing Order has been made 
than that provided by e. 32 (3) of the 1890 Act is afforded by 
8.10 of Uie 1903 Act. Whatever \he value or i^t of the house, 
the &.A. may proceed either under ss. 138-145 of the County 
Courts Act, 1888, or under the Small Tenements Becovery 
Act, 18^. The expenses of proceedings can be recovered from 
the owner under the Bommary Jurisdiction Acts. 

' S. 11 (1) empowers the 8. A., if they provide lodging- 
houses tmder Part xii., or if they supply accommodation onaer 
the Housing Acts or undsr any scheme made in pursuance of 
these A^ to provide and nmiatain in connexion thereinth 
any building adapts for use as a shop, any recreation-grounds, 
QJc other buui^gs or land which, in the opinion of the Board, 
will serve » beneficial purpq^. Eu connexion edth the require- 
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meats of the persons for whom the lodging-houses or dwelling 
aucommodaiion are provided. The consent of the Board is 
required to the exercise of these powers, and they may require 
statutory provisions of control. 

Service of notieeo .—The service of notices and other docu¬ 
ments is fac^itated hy s. 13. 

HousinK, Town PlannioK, etc.. Act, 1909. 

—The principal proviaions in regard to housing are 
contained in Part i. and the First Schedidje to the 
Act. They may be summarized as follows ;— 

(1) Part III. of the Housing of the Working 
Classes Act, 1890, which was formerly adoptive only 
and enables local authorities to provide houses for 
the working classes is now put in force throughout 
the whole country. (2) The new Act greatly in¬ 
creases the facilities for the compulsory acquisition 
of land (by means of L.Q.B. Order) for the purposes 
of Part III. of the Housing Act, and the acquirement 
by agreement o&land not immediately requii-ed for 
housing. (3) Loans can in future be made by the 
Public Works Loan Commissioners for periods up to 
80 yeais at, the minimum rate of interest allowed for 
the time being for loans out of the Local Loans 
Fund, and the rate of intei-rat will not vary with the 
term allowed for repayment (s. 3). (4) Powers are 

given to the Xi.O.B, for the enforcement of the 
execution of the Housing Acts (s. 10), which are 
very complete as regards all matters concerning the 
housing of the working classes, and to require schemes 
to be carried out within a limited time. Powers are 
also conferred on County Councils to act in default 
of rural districts (s. 12).' (6) The new Act (s. 14) 
extends to houses of much higher rental (£40 in 
London, .£26 in towns, £16 in country) than those 
fixed by s. 76 of the Act of 1890, the condition im¬ 
plied, in the contract for letting, being that the house 
is fit for habitation, and that the landlord shall kMp 
the house in a state reasonably fit for habitation 
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during the holding. S. 16, which requires landlords 
to keep houses within the rental limits above referred 
to in all respects reasonably 6t for human habitation, 
gives powers to the local Authority in regard to land¬ 
lords who make default in this respect. (6) The law 
as regards the closing and demolition of insanitary 
dwellings has been simplified and strengthened. It 
is the dnty of every S.A> to cause inspection of the 
district to be made with a view to ascertain whether 
any dwelling-honse therein is in “a state so dangerous 
dr injurious to health as to be unfit for human 
hEd>itation ”; and if on the representation of the 
M.O.K., or any other officer of the S.A., or other 
information given, any dwelling-honse appears to the 
S.A. to be in such a state, the S.A. (without ap|)eal 
to a Court of summary jurisdiction, as formerly) shall 
make a “ closing order ” prohibiting its use until ren¬ 
dered fit for human habitation. Notice shall be served 
on the owner and tenants. The closing order shall 
be determined when the S.A- are satisfied that the 
house has been made habitable, but failing this the 
S.A. shall after three months take into consideration 
the question of the detnolition of the house, and after 
hearing etddence from all concerned the S.A'. may 
themselves order demolition. <iAppeal may be made 
to the £.G.B, (7) Other important provisions to 
udiich attention should be drawn are those contained 
in s. 16, which extends the pqwerof making bye-laws 
for lodging houses; in 8. 17 (7), under which under¬ 
ground ix>oms habitually used as sleeping places must 
comply with regulations prescribed by the 8.A. or 
the X.O.B. I in a 43, which prohibits the erection of 
back-to-back houses; in s. 81, which shortens the 
period for demolition of closed houses; and in Si 24, 
the effect of which is that schemes under Part i. or. 
Part III of ihaAkof 1890 will take effect bn the issue 
of the Board's Order eonfiriging them, and 'will not 



XIXJ TOWM jPJjAJJIWIWU MO 

need confirmation by Parliament. S. 36 considerably 
enlarges the power of entry on premises for the pur¬ 
poses of the Housing Acts for survey, examination, 
and valuation, s. 38 provides for joint action of local 
authorities, and s. 44 enables the Board to deal with 
bye-laws with respect to new streets or buildings if 
the erection of dwellings for the working classes is 
unreasonably impeded in consequence of thAn. 

The Board have framed Kules under s. 39 with 
regard to the procedure on appeals to them under 
the Housing- Fart of the Act, and also forms of 
notices, advertisements, and other documents under 
s. 41 (1). They have also framed Regulations under 
s. 17 for effective inspection. (Housing \Impection 
of District] .Regulations, 1910.) 

Town planning,— The object of the Town Planning 
Part (ii.) of the Act is to ensure, by means of schemes 
which may be prepared either by local authorities or 
landowners, that, in future, land in the vicinity of 
towns shall be developed in such a way as to secure 
proper sanitary conditions, amenity and convenience 
in connexion with the laying out of the land itself and 
of any neighbouring land. Hitherto the conflicting 
interests of different owners and the absence of any 
power in the local Authority to guide and control 
development according to the circumstances and 
requirements of particular oases have resulted t(f a 
considerable extent, iq the development of estates, 
whether large or small, with a sole regard to the 
immediate interests of the particular estate and 
without regard to the amenity and convenience of 
neighbouring lands. Much has, of course, been done 
by provisions in public genei-al statute^ bye-laws, 
regulations, and local Acts to secure sanitary con- 
dithma in the development of land. But such pro¬ 
visions,. which commonly apply to a whole district, alo 
inherently inelastic in their character and are not 
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concerned with amenity and convenience aa affected 
by the particular circumstances of the actual land 
about to be developed. The Town Planning Part of 
the new Act involves a material advance in these 
matters and in the relations betweeni the owners of 
land and the local Authorities, and enables each 
party to co-operate with the other in promoting the 
genera] interest. 

A town planning scheme may be made “as 
respects any land in course of development or likely 
to be used for building purposes, with the general 
objek of securing proper sanitary conditions, amenity 
and convenience.” The L.G.B. may authorize a S.A. 
to prejiarc a scheme in their area if there is a prima- 
faeie case, or adopt a scheme, with or without modi- 
fication, proposed by owners of land. All schemes 
must be approved by the Boaid, who may prescribe 
the contents of the scheme and make' Regulations of 
procedure (Town-Planning Procedure Regulations, 
1910, amended 1914). The steps to be taken in 
any area are (a) consideration as to advisability of 
preparing a scheme, (b) application for permission to 
prepare a scheme, (c) the preparation of the scheme 
in accordance with the Regulations, and (d) the ap¬ 
proval of the scheme by the L.CMB. and its executive. 
The importance of co-operation is fully recognized 
by* the Act. Thus s. 56 (2) contemplates that the 
Regulations to be made by fhe Board under that 
section shall provide for securing this co-operation by 
means of conferences and otherwise at every stage. 
Again, amongst the matteis to be dealt with by 
General Provisions under s. 65 is the power of the 
responsible authority to make agreements with owners, 
and of owners to make agreements with one another 
(paragraph 13 of Fourth Schedule). Considerable 
powers are cottferred on the 8.A. to enforce schemes 
(s. 67), to make compensationdn respect of property 
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injuriously affected by planning schemes (s. 58), and to 
acquire land for such schemes (s. 60). Powers are also 
conferred on the L.O.B, to make or execute schemes 
in default of the S.A, (s. 61). Lastly, by s. 68, it is 
obligatory upon every County Council to appoint a 
1E.O.H., whose duties shall be prescribed by the 
General Order of the L.O.B. Certain sections of 
the 1890 Housing Act are rei)ealed to aiflow of the 
modi6oations named above. Under this Act, from 
1911 to 1916, 123 schemes by Authorities, com- 
prisuig areas containing 208,000 iicres, were approved. 
The L.O.B. issue an annual statement of action 
taken under these Acts. 

Some progress has been made by private enter¬ 
prise, co-operative agencies, and the local Authorities 
in supplying new accommodation, but much remains 
to be done to secure a minimum of healthy provision. 
Private enterprise has established “ model ” villages 
at Bournvillo, Earswick, Knebworth, Port Sunlight, 
and elsewhere ; co-operation is represented at Ham])- 
stead, Harborne, Hereford, etc.; and municipalities 
undertaking schemes include Birmingham, Rochdale, 
Croydon, and Leeds. Delay has been caused by large 
social issues such as wages, economic rent, tied houses, 
urbanization, absence of impulse, city extensions, and 
the high coat of land, labour, and building materials. 



CHAPTER XX 

FACTORIES AND WORKSHOPS 

Incidental reference has been made in Chapters 
XVII. and xviii. to the powers and duties of the 
8.A.'with regard to industrial premises. Lai^e 
additions are made by tiie Factory Acts, and in stat¬ 
ing these It will be convenient to refer briefly to 
some of the leading points in industrial hygiene, and 
to indicate generally the division of resimnsibility 
between the local and central Authorities. 

The Factory and Worhahop Acts, IftOl 
and 19()T, which apply to some 123,0U0 factories 
and 154,00,0 workshops, giving employment ordinarily 
to 6 , 000 , 000 - 18 , 000,000 workpeople, are administered 
chiefly by H.M. Inspectors of Factories, but also in 
impoi-tant particulars by the 8. A. The latter are 
charged with duties as to (1) sanitation of work¬ 
shops (and, in certain particulars, factories also), (2) 
bakehouses, (3) home work, and (4) means of escape 
from fire. Many of these fall to the IE.O.S.( upon 
whom are placed further duties of reporting. 

Facteriei inclade (1) works in which mechanioal power is 
used in aid of a msnnlsctnring process, or in quarries, pU- 
bankt of metalliferous mines, dry cleaning, carpet-beating or 
laundries; and (2) the following, whether power be us^ or 
not, vis. print wnrkt, Httwhinf md dpting viorkt, enrthmmm 
■MTits, Umfer-matth mri>,ptrcmtim-mp umht, eartriigt toorki, 
pnptr-titining tcorki, fustian-cutting works, bUutfyrmeu, copper 
mills, inn milb, foimdrit$, metal and iniiaruiSer unrke, paper 
mills, glass woik^ fobaoso factories, letterpress-printing 
work^ bookbinding works, flax-scutch mills, eleetrieiri etatlone, 
Xhosu in italics are teohoical expr^idfu, defined in the Act. 
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A tmemmt factory is one in which mechanical power is 
supplied to' different parts of the same building occupied 
by different persons for the purpose of any manufacturing 
process or handicraft in such manner that th«m parts con* 
atitute in law separate factories. 

Workchopc include (1) the following, unless they are factories 
by mson of use of mechanical power, viz. hat worlu, rope 
mrk»f haikehoum (**any placra in which are baked bread, bis¬ 
cuits, or confectionery from the baking or selling of which a 
profit is derived ”j, l^warekouMeSf thiphuUdiny yard*^ quartm^ 
pH-hankt of metalliferous mines, dry>cleanmg worln, carpet- 
beating works, bottle^washing works, and laundries. 

(2) Premises (not being factories) in which manual labour 
a exerdsed by way of trade or for purpaies of gain, in or 
incidental to the making, altering, repairing, ornamenting, fin¬ 
ishing or adapting for sale of any article, \f the employer hae 
the right of access or control. 

(3) Tenement workshops: that is, workplaces in which, ** with 
the permission of or under agreement with the owner or oo* 
oupier, two or more persons carry on any work which would 
constitute the workplace a workshop if the persons working 
therein were in the employment of the owner or occupier.” 

There may be several distinct factoriw or workshops, each 
comprising one or more rooms in different occupation, in the 
same building. 

Domestic factories and domestic workshops are those carried 
on in private houses without use of mechanical power, where 
the only persons employed are members of the same family 
dwelling there. If any work certified by the Home Secretary 
to be dangerous is carried on they are treated as ordinary fac¬ 
tories and workshops^ otherwise they are, so far as sanitetion 
is concerned, treats as ordinary workshops, except that th^re- 
[[uirements as to general ventilation and drainage of floors do 

"^^lle^nowing, U carried on under oonditions vliioh 
would otherwise make the premiaee a domestio workebop, are 
exempted 

(1) Straw-plaiting, pillow-lace making, glove-making. 

(2) Work dona at ir^ulat intervals and not iumisbi^ the 
principal means of living to the iamily. 

Xm’f 'mrkikepi (those in which onljr males over 18 an 
employed) an exempli from several of Uie urovisiona Of .the 
Act, inclnding thoae relating to general ventilamn, tmiperatnn, 
drainage of floors, lenitary accommodation, lavatories^fMit for 
reistfvat of dost or fumes, and means of escape from Are. 
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Crown faciorioii nnd workahopa are exoluded from tke jnria- 
diction of the S.A. 

Workplace ie not defined, bat bae a wider meaning than 
workafaop, and has been held to include any place where people 
aaaemble together to do work permanently, o.g. a atahle ahd 
atableyard where men were employed as tab-cleaners and 
horae-keepora. 

In worjathojpe and workplaces the S.A. are pri¬ 
marily responsible for enforcing sanitary requirements 
generally, and means of escape from fire; and their 
officers have the same powers of entry, inspection, and 
legal *proceedings as Inspectors of Factories. Certain 
sanitary requirements, however, more particularly 
those relating to temperature, fans for removal of dust 
and fumes, and those arising under the Factory Act 
(as distinguished from the powers of the S.A. under 
the P.H. Acts) with regard to sanitary accommodation, ' 
are enforced by the Factory Inspectors. The S.A. 
are required to’ keep a register of all workshops in 
their distript If the M.O.H. finds any woman, young 
person, or child employed in a workshop in which no 
abstract of the Factory Acts is affixed, he is required 
to inform the Factory Inspector. The occupier of a 
new factory or workshop must notify the Factory 
Inspector, who, in the case of a ^workshop, forwards 
the notice to the 8.A. 

in factories, sanitation generally is enforced by 
the Factory Inspector, not by the 8.A., but the 
latter deal with means of escape from fire (in 
London this rests with the County Council), and sani¬ 
tary accommodation (under the P.H. Acts only), and 
have special duties in connexion with bakehouses and 
domestic factories. 

If say act or default, punishable or remediable nnder the 
P.H. Acts but not under the Factory Acts, is found by the 
Factory Inspector jn a factory or workshop, he is to report it 
to the BJL, who must make inquiry, take such actioA as 
may seem proper, and inform ^le "Factory Trupector wksd 
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h«B been done. If proceedings arc not taken by the 8.A. 
within a month, the Factory Inspector may institute proceedings 
in default, and recover from the S.A. any expenses not re> 
covered from other persons, and not incurred in unsuccessful 
proceedings. If the S.A. fail generally to carry out their 
duties with reg^i4 to factories, workshops or workplaces, the 
Home Secretary may authorize the Factory Inspector to act 
in default for a specified period, and the expenses not recovered 
from other persons (and not incurred in unsuc^ssful pro¬ 
ceedings) may be recovered from the S.A. 

Tlie M.O.S. is required in his Annual Report to 
report specifically upon the administration with regard 
to workshops and workplace, and to send a copy to 
the Home Secretary. A table issued by the L.03. 
for the guidance of the U.O H. includes the items 
calling for statistical record. 

Outside the Factory Acts (which are directed to the protection 
of the workers), thp S.A. are concerned with cei-tain factories 
and workshops on public health grounds, as sources of smoke, 
poisonous fumes, trade effluent; as places whom offensive 
trades or food manufai-turc needing control are carried on; as 
new buildings needing approval of plans, or old buildings in a 
dangerous state; or mt re indirectly as places in which infection 
may he spread from one person to another, or (as in laundries) 
infected articles may be handled. 

Nor are th^ the only points claiming the attention of archi¬ 
tects, builders, and B. A.b in connexion with plans for new fac¬ 
tories and workshops. Others are strength of foundations and 
structure generally wherc heavy machinery is to be fii^d; 
means of escape from fire; sanitary accommodation. Others, 
again, are the statutory requirements as to air-space, ventilation, 
and warming; the surfaces of walls and ceilings must bo such 
as to admit of due cleansing; and the proper construction of 
Boors (soundness, impermeability, slope, and drainage) is of 
importwee in certain processes. In certain dangerous trad^ 
adaitional structural requircments (lavatories, baths, mess- 
rooms, cloakrooms, etc.) arise, and in some the plans have also 
to be approved by the Chief Inspector of Factories. 

Cleanliness. —Workshops and workplaces must 
be kept in a cleanly state;'and a workshop) or any 
specified pai*t thereof (in London, a workplace or 
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domestic factory also), must be limewushed, cleansed, 
or p^.rified when so required by notice from the 8.A. 
on a'certificate of the U.O.H. or Sanitary Inspector 
that it is necessary for the health of the workers. 

Factories must be kept in a clednly state and 
(subject to certain exceptions) either (a) limewashed 
every 14 inonths, or (6) painted with oil or varnished 
every 7 yeai-s, and washed with soap and hot water 
every 14 months. 

For the cleaning of floors, etc., damp processes are 
preferable, as checking the production of dust. 

Alr>space.—Factories, workshops and workplaces 
must not'be so overcrowded as to be dangerous 
or injurious to the health of the workers, and there 
must be at least 2.50* cub. ft. of air-space for each 
worker. The air-space of each workroom must be 
stated in a notice affixed in the works. 

A much larger air-space is required in certain 
dangerous trades, and in works where certain special ex¬ 
ceptions are permitted—e.g. iri rooms in which wool 
liable to contain anthrax spores is sorted the minimum 
is 1,000 cub. ft., and in engineering works exemption 
from routine annual limewashing is allowed if the 
air-s^e be 2,600 cub. ft. per head. 

General ventilation must be efficient in every 
workroom of a factory or workshop (other than 
a men’s workshop). Standards t of ventilation are 
prescribed for certain workrooms. A departmental 
Committee in 1902 recommended a general limit for 
workrooms of 12 parts of COj per 10,000. 

Air samples are ususUy taken at the breathing level, at 
points where work is carriM on, and not in extreme comers or 

* 400 daring overtime of women, 600 in undeiground bakehousee, 400 
between 9 n.n>. and 0 Oara. in other bokehooMS with li^t other than 
eleetrie, 400 in work^opif (not domestic) used also os ■leepins-rooma. 

t R.K.—Ahmlt on 0O« per 10,000 in haTnidootton><Mothftotorlea, 
and in lux, hemp, and Jnte woru, and OOCLeub. ft fmh air per head per 
hour in oUur humid textile fhotorl^ ^ 
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near to ioletn os outleto, or oloee to peraons or to sourctiibf CX);. 
In breworiei, aerated-wator faotoiies» Iwkehouaes, etc., v lere 
C(^ is ^ven off by trade processes, allowance bias to be mude; 
wd similarly where artificial lighting yields COj. As a rule 
it is well to make a parallel detormioatiun in the open air. 

Mechanical ventiktion by fans may be either on the plenom 
or vacuum system. The number, positioii, dimensions, and 
speed ol the fans are matters requiring expert knowledge; 
as a rule better’ results are obtained by large fa^s moving 
slowly than by small fans at a high sjieed. Pfonum is on the 
whole preferable, and offers faoUities for wanning, screen* 
ing, or humidifying the air when necessary. Exhaust ventila¬ 
tion calls for care in guarding against indraught through 
closets or other unsiiiteble c^nnels. Paddle fans, which 
chum the air without changing it, are not to bo regarded 
as means of ventilation, though the currents they cause 
may promoto evaporation, and thus have some cooUng 
effect. If reliance is'plac^d on ^natural” ventilation (whether 
by chimneys, open windows and doors, ventilaton or shafts), 
supervision becomes necessary, oq>eciaIly in cold weather, hi 
any case care should be tato to secure ventilation of all 
parts of the room, to^avoid sbort-oirouiting and direct draughts 
upon workers, ami to provide adequately for both inlets and 
outlets. (<Ss« offo p. 192.) 

Local' ventilation for removal of dust, gases, 
vapours, or other impurities generated in the course of 
work, which are injurious to health, must be such as 
to render them harmless as far as practicable. 


Usually ibis involves vmtilatUmt applied at or bmt 

the pomt of origin; and fans (or other eihetent mechanic^ 
means) for the purpose are prescribed in certain dangerosi 
processes, and can be requif^ by the Factory Inspector in 
others. Exhaust ventilation may sometimes be secured by con* 
nezion with Sues or other heated shafts. The essentials are (t) 
that the dust or fumes should be intercepted as near as posrible 
to their iour<», and carried away from the workers, wl^&t 
entering the general air of the room; (2) that dlini^ 


nj hoods; and ($) tbei the air^duots should be kept olean an 
discharge at a snitable Mini, preferably in a riosed dnet- 
ohamber. Ai n role a aownwarti draught is best, rinoe it 
corriea a,wa^ ^ dust more readily. The elMenoy of exbiuiM 
oan. ba. toiled by anemometer or by smoke, lint dust, or 
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fumes of ammonium chloride. In some iustances standards 
are ftxed, in terms of sectional ar^t of openings and velocity 
at given points. 

Other precautions in dusty processes are the use of closed 
chambers or boxes, the adoption of wet processes, handling 
the dusty materials over pfiatings through which the dust can 
foil, cleanliness of premises and floors, the use of overalls, 
(if the dimt be poisonous) prohibition of taking food in the 
workroom'cand provision of suitable lavatories. 

As a resource regpiraiort may be adopts, especially 
where the occupation is intermittent, but there is difficulty in 
enforcing the systematic use of them, and most of them entail 
somp pl^sical aiscbmfort if worn for long periods or in heavy 
work. The essentials in a respirator are that it should bo light, 
simple, ine^ipensive, the Altering material readUy renewed or 
cleaned; that it should be as little unsightly as possible; that 
it should arrest all dust, Alter the whole of the inspired air, 
and prevent the rebreathing of expired air; and that it should 
oflfer the minimum resistance to the free passage of air without 
i-espirutory cfforit and without becoming obstructed in iise by 
moisture from the broath. A fold of cambric covering the 
mouth and nostrils is an efficient simple*^ respirator. Many 
elaborate forms fail when tried under the aettml conditions of 
the work for which they are proposed. 

Some kiods of dust are directly infective, e.g. anthrax, 
tetanus, smallpox (among r{^;;> 8 orters in paper works and 
elsewhere); othen poisonous (e.g. lead, mercuiy); and others, 
again, mechanically injurious in varying degree. Similarly 
the wide variety of gases, fumra, and vapours which arise in 
manufacturing processes and requice tomoval include many 
which are directly poisonous (o.g. CO, OSs, H 3 S, chloiine, 
njtirous and other acid fumes, AsH,; lead, rinc and mercury 
fumes), and some which are harmful in other ways (e.g. steam) 
or offensive (organic efiluvia). „ 

Explosion may arise from ignition of inflammable dust or 
fumes mixed with air: e.g. ordinaiy’ gas, marsh gas (in coal 
mines); napht^, coal dust, or celluloid borings. 

Tefllperatlire*—-In every workroom of a. factory or 
workshop provuion must be made for securing a reasonable 
te.mperatui'o, and without intoricring with the purity of the 
air of the room. 'Hiis requirement is enforced by the Factory 
Ins^tor. Gas jets cannot be accepted as means of warming, 
ifr must the ventilators bo closed. Flueless stoves are 
om^onable, during to the risk' of adding sulphur compounds. 
CO, and other imj^urities to the ak. 

As a lower limit 60"^ F. is smtable for ledentar)* occupations 
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involving little exertion, but active work can be carried on, 
indoon well as in the open air, at lower temperatures. The 
upper limit is not^ easily dehned, since in certain processes a 
high temperature is a trade necessity, while in othera it is only 
accideutal (e.g. from use of furnaces, consumption of gas, 
moving machiner;^, steam pipes), and cadis for preventive mea¬ 
sures such as free ventilation, screening off sources of heat, 
“ lagging ” of hot pipes and reducing their dimensions as far 
as practicable. In humid cotton*cloth factories thi^rescribed 
precautions of the kind include whitewashing of tho roof in 
summer, and it is forbidden to raise the temperature artificially 
above 70® P., except so far as is necessary in humidifying. 

If the air be dry enough, high temperatures <»n be borne, 
but as a matter of health as well as comfort high wet-bulb 
temperatures (over 76°) are to be avoided as far as possible, 
especially where tho work is hard. 

Humidity is expressly regulated in humid textile fac¬ 
tories generally,* a limit (of relative humiditv, that is, per cent, 
of saturation) being fixed for each dry-bulb degroo: 88 per 
cent, from 69** to 70®, decreasing thenceforward to 77’6 per 
cent, at 80®, 69 per cent, at 90®, and 64 per cent, at 100“. 
Tn certain textile ^processes, however, a difference of 2® 
between wet and dry bulb is accepted at all temperatui^s. 
Hygrometers must bo affixed in each room, and (except in 
cotton spinning) records kept of two (in cotton-cloth factories 
three) daily readings at [7 to 8 a.m.l, 10 to 11 a.m., and 3 
to 4 p.m. The water used for humidification must either bo 
taken from a pui-o source or be effectively purified; a water 
which gives off offensive gases of any kind on heating, or 
which absorbs from acid solution of KMnO^ at 60® F, in 
2 hours more than 0*6 mir. of oxygen, is regarded as un¬ 
suitable. In moist air the olothing becomes damp, and 
warmed ventilated cloak-rooms are obligator)' in now humfd 
cotton-weaving factories. ^ 

Steam in excess arises incidentally in laundries, dvehouses, 
etc., and can be removed by exhaust ventilation or hy intro¬ 
ducing hot dry air. 

Lighting is only regulated by the Factory Act as regards 
underground bakehouses (p. 679) and, by spedal Orders, in 
certain dangerous trades, for aitiflctal lighting electric light 
or ventilated gas-burners are preferable, as they do not add 
to the impurity of the air or call for addirionu ventilation. 
{Sm Report on Lighting in Factories, etc., 1916, Cd. 8000.) 

* fipinning sod weaving factories in wfricb the air is artiflobiUy hnmidl* 
fled b; steam Jets or otherwise, in <wder to correct the dryness Qf the* 
air, which beyond a certain limit Interferes with toe treatment of the 8bre 
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Floors have to be sound and impervious for the purpose of 
cert^ dan^TOus processes, and to be drained in wet prooesses 
^en^y (except in men’s workshops) and especiaUy in laundries. 

Sanitary accommodatloa is enfor<^d by the BJl- 
in both factories and workshops, in London (Public 
Health Act, 1891, s, 38) and where a. 22 of the P.H. 
Acta Amendment Act of 1890 is in force. Else¬ 
where the S.A. have similar powers under s. 38 of 
the P.H. Act, 1875; but s. 9 of the Factory Act 
also« applies, and the administration of this (and of 
the OMer which interprets it) reste with the Factory 
Inspector* alone. 

llie FaeloT^ and Workshop Aetf 1901, s. 9, requires that 
« every factory and workshop must be provided with sufficient 
and suitable accommodation in the way of sanitary con* 
veniences, regard being had to the number of persons employed 
or in attendance at the factory or workshop, and also.where 
persons of both sexes are or are intended to be employed or in 
attendance, with proper separate accommodation lot persons 
of each sex,” and gives power to the Home Feoretary to deter¬ 
mine by Order what is sufficient and suitable accommodation 
within the meaning of the section. 

Accordingly the Sanitary Aecommodation Ordsr of February 
4fA, 1903, directs that:— 

“ 1. In factories or workshops where females are employed 
or in attendance there shall be oa9 sanitary convenience for 
every 26 females. 

' “ In factories or workshops where females are employed 
or in attendance there shall m one sanitary convenience for 
every 26 males; provided that— 

“ (a) in hmtwies or workslmps where the number of oiftleo 
employed or ih attendance exceeds 100; and suffident urinal 
accommodation is also provide I, it shall be sufficient if tbete 
is one sanitaiw convenience for every 26 males up to the first 
100, and one tor every 40 alter; 

** (6) in factories or workshops where the number of mi^ 
employed or in attendimoe exceeds 600, and the Diitri^ In* 
spector of Factories oertifl^ in writing that by means of a 
check systeffi, pr dtiierwise, proper supnvisico SM control fat 
re^nd to tiw. ose-of the oonvenlenoes am exercised by off osvi 
aperit^y appofaited for that p«ifoee» It tiiidl be. sufficient if 
one sanitary convenienee is froridea f<» every 90 malss; in 
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addition to sufficient urinal accommodation. Any certificate 
given b]r an Inspector shall be kept attached to the general 
register, and shall be liable at any time to be revoW by 
notice in writing from the Inspector. 

** In calculating the number of conveniences required by 
this Order, any odd number of persons less than 26, 40, or 60, 
at the case may 1M, shall bo reckoned m 26, 40, or 60. 

** 2. Every sanitary convenience shall be kept in a ol^ady 
state, shall he sufficiently ventilated and lighted, a«d shall not 
communicate with any workroom except through Ihe open air 
or through an intervening ventilated space; provided that in 
workrooms in use prior to Ist January, 1903, and mechanic¬ 
ally ventilated in such manner that air cannot be drawn into 
the workroom through the sanitary convenience, an inter¬ 
vening ventilated space shall not be required. 

** 9. Every sanitary convenience shall be under cover and so 
partitioned off as to secure privacy, and if for the use of 
females ^11 have a proper door and fastenings. 

** 4. The sanitary conveniences in a factory or workshop 
diall so arrange and maintained as to be conveniently 
uooessible to all persons employed therein at all times during 
their mnployment.* 

6. Whero persons of both sexes are employed, the con* 
venimrces for each sex fdiall be so placed or so screened that 
the interior shall not be visible, even when the door of any ctm- 
venienoe is open, from any place where persons of the otlmr sex 
have to work or pass; and, if the conveniences for one sex 
adjoin those for the other sex, the approaches shall be separate/’ 

Other sanitary requlrements.-'Xoeatori## are re- 
aoir^ where any poisonous substance is used. For certain 
oangerous trades details are prescribed, e.g. that there idiall be 
soap, nail-brushes, towels, and at least one basin (with hot water 
supply and waste pipe) for every 6 persona In some, bathr%lso 
are required. CkH^■ro(^nu are obligatory in new humid cotton- 
cloth factories, and where certain dangerous trades are carriedon. 

In certain rooms, e.g. where poisonous substances are so used 
as to give rise to dust or fumes, it Is forbidden to take food nv 
to remain daring meal hours, and accommodation for meals 
must be provided elsewhere on the premises. 

Dangerous trades, certiOed as such bv the Hmne Seorofitry, 
are further subject to reguhtions (of autoouitic ayplicathm) or 
special (eatablishea in individual works) tssoed bj the 
Home 01^. These prescribe additional precautions^ aeoopd- 
iog to.the nature of the dangnr, and are enforced by the 
Factory thsneotors. The Acts allow certain special SXoei^lffiiih 
wMob are 0^ coupled with additional retiuiremehta, mhtfy 
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and other; these also are administerod solely by the Factory 
Iiupectors. 

Certifying surgeons are appointed for every locality, 
Their duties include (1) examination of children and of young 
persons under 16 for certificates of fitness fer employment in 
factories and certain workshops, (2) investigation of diseases 
and poisoning, (3> periodical examination, when required by 
reguiaiiona or special rules, of persons employed in processes 
entailing d&ger of poisoning. 

The dangers to health against which the above provisions 
are directed are obvious, but there aro, of course, many others 
of a different kind, not limited to employment under the 
Facfbry Act. Thus coal minors ai-o liable to nystagmus from 
working in constrained positions, and to ''beat band” and 
*' beat knee ” (chronic inflammation due to local pressure); 
men working in compressed air to ** caisson disease ” if care be 
not taken to passslowly from higher to lower prossures, through 
air-locks. Writer’s cramp, Dupuytron’s contraction, house¬ 
maid’s knee, the emphysema of perforniers on wind instru¬ 
ments, are other examples. Hernia or aneurysm may be deter¬ 
mined by violent exertion; carrying unduly heavy weights is 
injurious, and is indirectly prohibited as regards girls under 18 
as a condition of special exception as to hours in fruit pre¬ 
serving. Sight may suffer from strain in fine work in in¬ 
adequate light, and cataract is common among glass workers. 
Habitual exposure to weather in open-air occupations, and 
violent alternations of temperature in connexion with fum^es 
or otherwise, present dangers of their own. 

Means ol escape from fire.— Factories built after 
1891, and workshops built after 1895, must, if more 
thSn 40 persons are employed, have a certificate from 
the S.A. as to reasonable adequacy in this respect, 
specifying in detail the means provided. In older 
works with more than 40 hands the S.A. must see 
that reasonable provision is made, and if not, must 
require the owner by notice to carry out specified 
details in a specified time: any dispute to be settled 
by arbitration. The whole of a tenement factuij or 
tenement workshop is counted as one. The B.A. 
may, subject’to confirmation by the J-O.B., make 
bye-laws as to means of^flape in any factories or 
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workshops. In London these duties rest with the 
County Council. 

Doors of workrooms mast not during working hoars be 
fastened so as not to be readily opened from inside, and in 
works built after 1895, doois of rooms in which more than 10 
persons are employed must not open inwards. 

Adequate means of escape are all the more essential where 
the nature of the manumeture entails speml risk of fire. 
Alternative paths of escape arc desirabie (since tho nain line of 
exit may bo readily involved in the fire) especially whore large 
numbers are employed, and these |mths should be obvious and 
kept clear of unnecessary obstruction. 

Lauadries are technically factories or workshops. In 
factory laundries fans are required for regulating tho tempera¬ 
ture of ironing-rooms, and for removing steam from wash¬ 
houses ; and m all laundri^ (a) stoves for heating irons 
must be sufficiently separated from the ironing-room or ironing- 
table, and gas-irons emitting noxious fumes must not bo used; 
(5) fiuora must be kept in good condition and so drained as to 
allow the water to flow off freely, 

Bakehouses^are factories or workshops, but subject to 
(Attain special ro^uii'cmcnts as below. Retail ^kehoum are w'ork- 
shop bakehouses m which the articles baked are sold by rettiil 
only in a shop occupied therewith. Underground bakelMueea are 
those in whicn any room used for baking or processes incidental 
thereto has its floor more than 3 ft. below the footway of 
the adjoining; street or ground adjoining or nearest to the 
room. 

If a bakehouse is on sanitary greunds unfit for that use, 
a Court may, on application by the Ftmtory Inspector or S.A., 
impose a penalty and require the necessai^’ alterations to bo 
made. It must not contain or communicate directly wi^i a 
closet, nor derive its water supply from a cistern supplying a 
w.c. A drain or pipe for earrying off fmcal or sewage matter 
must not have an openixm in the bakehouse (Uius any waste- 
[)ipe must be disconnected outride). The walls and ceiling 
of rooms, passages, and staircases must be Umewashod 
every 6 months; or receive three coats of oil-paiot or varnish 
every 7 years, and be washed with hot water and soap every 
0 months. A part of the same building, on the same level 
with the bakonouse, must not be used as a sleepin^*rooin 
unless partitioned off from floor to ceiling, and jmvmg an 
extonuu glased window 9 sq. ft. in area, 4| ft. of which is 
made to <^n. 

An undeiground bakehouse must not be used as such unless 
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(a) it wa« 80 used on August I7tb, 1901^ and further {b) the 
S.A. has certified it to c« suitable as regards construction, 
light, ventilation, and ui all other i-^pects. 

Ilie administration of these special requirements in retail 
bakehouses (in London in all workshop bakehouses, and the 
certification of underground bakehouses) rcAs with the 8.A. 
In other cases the Factory Inspector and S. A. have concurrent 
powers. 

Food cremlsos,— A high standard of sanitation i^ needed 
in premises^where food is manufactured, prepared, cooked, or 
stored; including bakehouses, restaurant Kitchens, ioe>CTeam 
premisds, fish-shops, meat^shops, preserved meat works, oon- 
feotionery works, dairies and milkahops. The following 
a nnrinqi ry may serve to indicate generally the chief points 
needing attention:— 

(1) Sur&ces of floors, walls, and ceilings to be hard, 
smooth, durable, and impervious. Floors to be laid to proper 
falls, and drained by proper channels to a guUy outside. 

(2) Any drain beneath the floor to be gas* and water-tight. 
All pipes and fittings to be efficient. 

(3) Walls to be absolutely dry; failing this, to have an 
inner wall at IcMt | in. thick, tied to the outer wall, but with 
2-in. ventilated and drained intervening space. 

(4) Minimum height 8 ft.; roinhnum air-space 400 cub. ft. 
per head and t,o00 cub. ft. in all, ol^r of ovens, machinery, 
and stored go hIs. 

(5) Efficient lighting: whore practiouhle, niUiural light 

only; among artificied l^hts electric is preferable, or, if gas is 
necessary, incandescent burners protected from dost and ven- 
lilatod to remove fumes. ^ 

(61 Ventilation, by flm if necessary; ensuring constat and 
sufficient change of air without drai^bts, and a temperature 
not<Ordiaari!y exceediug 60'’ F,, or 80** F. at any time except 
within half an hour after drawing ” an oven. 

(7) Oven furnaces to have efficient flues to car^ away 
fumes. An outlbt for heat and steam immediately before and 
above the oven ooor. Oven doors and outer doors of fomaoes 
to fit closdy. Froving ovens to be efficiently ventilated. If 




ducts leadins to the open air, over stoves and ranges. 

(8) Strict cleanliness of premises and appliances. 

(9) Wfter supply, with jet and hose, for washing floors; 
cisterns (if ax^r) to m of proper coiutruction, with dnst-U^t 
covers, and kepi sleah. 

(101 Tables, benches, doqgh - toughs, etc., be freely 
movable on casters. _ 
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(U) Any neoeaaar; ehelvea to be &ced 2 in. awn from 
iviijie, but unnecenary woodwork on walle to be avoided. 

(12) Suitable proyisian, outside the workroom, lor etoi^e 
of food materials (milk in clean covered vessels, in a cool 
place); storage of fuel; demnt of clothing not in use; 
lavato^; sanitary accommodation. Covered sanitary bins 
for refuse. 


Home work of certain kinds* defined vby Order 
(Home Work Order of April 10th, 1911) of the 
Home Secretary is under special control. The 
employer must keep a list of the names and 
addresses of the outworkers, and send copies to the 
S.A> of his district on or Wore February 1st and 
August 1st of each year, in a prescribed form. If any 
such addresses are outside the area of the S.A., par¬ 
ticulars of them must be sent by the S,A. to the 
S.A. concerned. If the home premises are injurious 
or dangerous teg the health of the workers, the 8.A. 
may prohibit the employer from giving out work to 
be done there. 

If an inmate of the house is suffering from a notifiable 
infectious disease (even if he has bron removed) the 
S.A. may by order prohibit the employer from giving 
out work to be done in that house or in any specified 
part of it, during a specified term. This power 


* The WftkiBg, cleaning, washing, altering, omamonting, ilnidiUig, and 
repairing of ffeariog appall; the ntohing, oraamentiag, fisfshlDg.^ad 
repairing of table lioeD, o»*d linen, or other household Hnen; the making, 
ornamenting, mending, and fliUahing of lace and of lace ciirtBlns and 
nets; the making of curtains and ibmiture hanringB; apbolatery work; 
rur>pulllng: the making or repairing of umbrellas, sunshades, iwroaols, 
or partahereof: the inakiog of artiflotol flowers; the making of nets 
other a»n wire nets; the making of tenU; the making or repairing of 
sacks* the covering of recquet or tenuis balls; the inaMng of paper 
bm: the making of boxes or other receptacles or parts thereof mMe 
wholly <» partlaify of paper, cardboard, chip, or similar material t-^e 
making of brushes; pea picking; feather sorting: the carding,^ boxing, or 
packing of buttoi^ books and eyes, pins, and hair jdiia; the Mimg 
of stuflM toys; the inakiog of liaskaU; and any procesMs Incidental to 
theabova.^ ' ^ .... . 

The making of el«ctro*jdate; files; jron and steel cablaawd mms, 
anchors and grapnels; cart gear, locks, Satchel and keys, too t^nfiM> 
tuts of hn^ and of any artfcleaor parts of articles of nnu; cabinet and. 
furniturg |nwngand any proceasea incidental to the above. 
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Applies only to the classes of work named in the lirst 
part of the footnote on p 681. In emergency it may 
be exercised by two or more members of the S.A» on 
the advice of the The order may be subject 

to conditions as to disinfection or other precautions. 

In case of scarlet fever or smallpox, an employer 
giving out work or wearing apparel is subject to 
penalty, ipart from any order from the S.A. as above, 
unless he proves that he was not aware of the illness 
and could not reasonably have been expected to 
be(X>me aware of it 

Industrial poisoning.— “ Every medical prac¬ 
titioner attending on or called in to visit a patient 
whom he believes to be suffering from lead, phot- 
pharua, araenicai or tnercwrial poisoning, or anthrax, 
contracted in a factory or workshop, shall . . . semi 
to the Chief Inspector of Factories, at the Home 
Office, London, a notice stating the name and full 
postal address of the patient, and the disease from 
which, in the opinion of the medical practitioner, the 
patient is suffering” (s. 73, 1901). By special order 
of the Home Secretary (January 1st, 1916) toxic jaun¬ 
dice has been added to this notifiable list. A fee of 
2 s. 6d. is allowed. The emplqg/er must notify such 
cases to the Inspector of Factories and to the Certify- 
ir^ Surgeon. 

Lead poisoning arises in a^number ul industrieSj from 
the materials or appliances used. Owing to more stringent 
precautions the numoer of reported cases m the Tfnited King¬ 
dom fell from 1,268 in 18»8 to 44.6 in 1014 (28 deaths). For 
the six years 1009-14 the totals were— 

•White lead . . 188 Printing . ,187 

•Earthenware and china 306 •File-cutting . . . . 73 

Uoadhboilding . . 481 •Tinning . . . 86 

•Smelting of metals . 266 Vitreous enamelling . 68 
•Paints and'colpur4 . ISO OQier . . . 1,046 

•Electrical accumulators 206 —r 

Shipbuilding ■ . .180 « Total S,204 
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Those marked * aro under spocial rules or rc^latione as dan¬ 
gerous trades. The great danger is that of iimalatioa or swal¬ 
lowing of dust, but there is also risk from carrying unwashed 
hands to the mouth, from eating or from using tobacco while at 
work, and in some industri^ from fumes containing lead. A 
daily dose of 2 mg. is capable of setting up iK>i8oning. The prin¬ 
cipal symptoms are gastiic pain, una^min, headache, and para¬ 
lysis of the forearm. The attack-rate in. white lead works: is 
about 25 per 1,000 employed. The chief preventive measures, 
apart from those directed against dust and fumes (|^. 673), are 
the substitution of materials free from lead or containing it 
only in an insoluble and comparatively harmless form (and not 
exceeding 5 per cent, soluble lead), focilitics for washing and 
duo use of them, proper arrangemont for meals away from 
work, overalls in dusty processes, periodical medical examina¬ 
tion of workers, and exclusion of persons found to be suscep¬ 
tible. Women appear to be more susceptible tlmn men, and 
the employment of children and even of young persons-undor 
la is forbidden in certain lead processes, as less attention to 
precautions can be expected from them. 

The hgures given above are those for industries as a whole, 
each including a vatioty of processes involving very different 
degrees of risk: thus'^in pottery processes the incidence is much 
greater among dippers and ware-cleaners, who handle tho 
glaze before it is ; and in tiie processes named much depends 
upon the nature of the materials handled, the frequency and 
duration of employment, the conditions of work, including 
observance of precautions, mid upon tho age and sex of the 
workers. These considerations are material in estimating the 
statistical value of attack-rates or mortality - rates, in all 
industrial diseases and not merely as regards plumbism. A 
furihor necessary oonsideration is the character of attack, 
which varies greatly as regards the nature, site, and 8Cverity»of 
symptoms, and shades off into constitutional conditions which 
can hardly be regarded as ^bisoning w disease, and may only 
bo revealed by large statistics showing greater tendency to 
more remote affections, such as the kidney disease and gout 
which are found from mortality returns to bo more common 
among lead-workers than others. 

Phosphorus poisoning is now rare, stringent urocautiop 
having b^n imposed in 1898 in the lucifer-matoh nu>toriea in- 
which white (or “ yellow ”) phosphorus was used, and tho use of 
that substance was prohibited from January Ist, 1910, b/the 
White Phosphorus Matches Act ^f 1908. Its oharaoteristio 
manifesiation is necrosis of the jaw, arising in connexion with 
carious teeth: it rarely occurs until the employment has been 



m 7A070B1BS Al^ WOBSmOPS [oha«. 

long oovtiiiaed, uid there it eome^restoD to luppoae that it ifl 
dependent iip(»i a oonititutional change piedupoeiog to local 
attack. Subfltitntet for yellov phoaphwoB. have been found 
in red pho8ph<»Qfl (a harmless form)) sesqaisulphide of phoe* 
pfaorat, and other chemicals. The re|Mrted attacks from 1900- 
14 numbered 17. 

Arsenical poisoning arises cbiefiy in connexion with 
paints uid colours and in <memical works, or exoeptlooally froni 
the erolnt^n of arseniuretted hydrogen in metaUargUal pro* 
oestes. In 1909-14 there were repo^d 34 attacks. 

Mercurial poisoning is met with in industries in which 
mercury or a mereuxial salt is used: including the making of 
thermometers and other scientific instrumeRts, furriers’ work 
(in**‘oarTotting”) and chemical works. Formerly it was ob¬ 
served among “water Riders” employed in “silvering*’ 
mirrors by means of mercury. In addition to sidivation, 
ahmentary disturbances, and cachexia, thmcs are peculiar fine 
tremors of the hands and arms, with ocoasional pains in the 
jirints. In 1909-14, 72 attacks were reported. 

Anthrax was reported in 342m8twoe8 in 1909-14, with 
d2 deaths. The cases were thus distributed:— 

(• 


Industry. 

Attacks. 

Draths. 

Woo!, worsted .... 

191 

SI 

Horsehsir, bristles 

89 

6 

BidM, skins. 

94 

Vi 

Other -. 

18 

4 


Intonial anthrax is generally fatSl. Among external cases 
the pnstnle is usually (86 per cent.) on the heM or neok, but 
iadi per cent on the hand or arm. 

The infection in the trades named above is due to materials 
imported fnnn Eastern ooontries iit which anthraxis rife, e.jg. 
Van mohafr, Persian wool, Siberian and Chinese horsehair, 
Ohinese and Persian akina. Dry and dusty materials uid 
prooessea are especially dangerous, and greasy or mdst goods 
(6.g. salted hides) less so. ^^^lere disinf^ion is impraotiUble 
and ii^ected materials are used, the jffevmitive meesures 
turn upon soppression of dust, personal oleanlinws, proteo- 
rive gammits, and immediate attention to abrasions of riie 
•kk, however slight. Early diagnosis, prompt excision of 
antiwuc .pustules, and the use of Sdavo's serum are important 
Toxic iMfidiComny occur in poisoning^ trinitrotoluene 
and tetrioftlorethane. ZVki^ohMrN# (T.N.T. or frefvD -is a 
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h!g;h exploaiva obt«n«d by nitnlaag tolusne, a beaw&A eois- 
pow, soluble in oils, grease, aoetone, etlier, eto. It is nsed 
in powder or molten state and gives off funme. When mixed 
wito anmnmium nitiAte 20 per cent, it is km^wn as mmmi, 
and with 40 to 60 per oeiit. as amaiot. Like diDitrobeoxene, 
can be absorbed by the skin, or inlmled or swallowed, 
producing profound changes in the blood. It is excreted by 
faeoes and urine. The characteristics of T.N.T. poisoni^ 
are (1) dermatitis of face, hands, and feet; (2) ga^ritis with 
abdominal pain, vomiting, and constipaUon; (3) blo<M changes, 
ineluding changes in the leucocytes and eryt^oytes, and pro^ 
duotion of methaemoglobin, with r^ulting breathlessness and 
cyanosis; and (4) liver degeneration mid toxic jaundice. 
ventive methods include reduction of dust and fames, use of 
ototaUs, cleanliness, provision for milk and meals, alternation 
of work, and medical supervision. Ttirachlorethanet as a solvent 
of acetate of cellulose, is an ingredient of the wntsh or dope ’* 
used on aeroplane wings to moke them impervious to moisture 
and air. Initiation of its vapour produces drowsiness, loss of 
appetite, constipation, gastric pain, and sometimes jaundice, 
liver dettuction, and coma. Prevention depmids on strict eon- 
trol of doping shedh, exhaust ventilation, alternation of work, 
and medical supervision. 

Many other fumes claim vietinu in industrial processes, 
including carbon monoxide (bUst furnaces, etc), carbon di« 
oxide, sulphuretted hydrogen, chbrine, nitrous fumes, aid 
benzene derivatives. In the manuf^ture and use of nitoio 
arid niimufumtt escape and may produce varying degrees, of 
poisoning. Cough, dyspnoea, with vomiting and pneumonio 
symptoms occur. 

Brata • founder’s ague, attributed to zino fumes, is 
characterized by reourrent attacks, with cold, hot, and sweating 
stages, (^ei^g from ^ose of malaria in not being periodief 

Other proviaiona of ^he Factory Act require ox^f 
brief meiiti(m here, and the following anminary may 
suffice 

Saletyf^Hanmroaa machinery moit be fttoed or. made, 
safe by positioa. use of dsmgerous ways, works, maridagry. 

or planti or of dangmons premises, can be forbidden by a 
Comi; Oerisdn. dangerous employments are. Iwbidden tn 
“ohihbnNi” and young persons.” and furdier liariiatbBj|.nt ^ 
this kind joan bebnposea by jpertifylng 8aigisQm Whaia , 

any maanfacture, plant, process, or description of manai' 
laboon^iSKOurtiaad by the Home Seocetary ae dangiirQitt ut.. 
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injuriottB to health, or dangeiona to life or limb, regiilations 
(of general application) or special rules (for particular works'! 
may be made: many such codes are in force. 

Accidents which are &>tal, or which cause di^blement 
for ordinary work for seven days (or, if caused by power 
machinery, ‘molten metal, hot liquid, explosion, escape of gas. 
or steam or electricity, such disablement for one whole day), 
must be registered and reported to the Factory Inspector; and 
also (exoep^> the seven-da^ accidents above) to tho Certifying 
Surgeon. Aliese obligations arise under an Amending Act 
(Notice of Accidents Act, 1906) and extend, to dock processes 
and building operations. About 150,000 accidents per year are 
so reported, and of these rather less than 1 per cent, are fatal. 

Age and sex.—Children under 12 may not be employed. 
Above 12 they may be employed for half-time (if they have 
attained a Certain standara and if tho local educational bye* 
laws permit), but must attend school for the other half. In 
factories and certain workshops they must have a cortificato of 
fitness (as to age and physique) from the Certifying Surgeon, 
which may be coupled with conditions as to the nature of the 
emplo^'meot permitted. Young persons” are those between 
14 and 18 (or between 13 and 14 subject *to conditions as to 
educational certificates), and these are ehgible for full-time em¬ 
ployment,•with certain limitations,, Certificates of fitness are 
required for those under 16 employed in factories and certain 
workshops. A woman must not be employed within four wooks 
after giving birth to a child. 

Honrs and Intervals. —The period of employment for 
women and young persons in textiU factorien is on ordinary 
days 12 hours (6 to 6 or 7 to 7), less ^-hours inten'nls, and on 
Saturday 6 hours (6 to 12 or 7 to 1, with 4 hour interval, or 6 to 
12.30, with an hour interval): or a weekly total of 66J work- 
ing^ours. In %¥m>Uxt\k factories and in workshops it is 12 
hours on ordinwy days (6 to 6, 7 to 7, or 8 to 8), with 1| hours 
intervals, and on Saturdays 8 hours \6 to 2, 7 to 3, or 8 to 
with 4 hour interval; or a weekly total of 60 hours, u 
lamdAee additional latitude is allowed. 

There is a further limit as to continuous spell of employment, 
which must not exceed 4^ hours in textile factories ana pnnti]^, 
bleaching and dyeing works, or 6 hours in non-textile fac^ries 
and wor^ops, without an interval of ^ hour. Certain holidays, 
aipountiog to six d^ys in the year, are prescribed. Work 
09 Sun^ys is prohibited ^e noun, intervals, and holidays 
must be fixed hy notice. None of the above provisions 
apply to men over IS, and certain exceptions are auowed as 
regaras women, young persods, gnif children in special cases: 
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e.g. women may be employed ‘'overtime” for 2 houra on not 
more than 3 days in any week, nor more than 30 days in any 
12 months, in certain specified branches; and in others male 
young persons can be employed at night. 

Certain special Orders wore issnod (1916-16) for relaxing 
the usual houra for the purpose of war-emergency work. 

Welfare work.—In 1915 the Ministry of Muni¬ 
tions and Homo OfiSce appointed the Health of 
Munition Workers Committee, which made various 
•recommendations for safeguarding the personal health 
and well-being of the munition worker, particularly 
in regard to industrial fatigue, hours of labour, the 
provision of canteens, the employment of women and 
juveniles, the effective ventilation and lighting of 
factories, sickness and accident, washing facilities, 
welfare supervision, the protection of eyesight (from 
eye-strain, heat, fumes, and dust), nightwork, causes 
of lost time, etc. The Police, Factories, etc. (Miscel¬ 
laneous Provisions) Act, 1916, s. 7, provides that the 
Home Secretary may by Order require the occupier 
to make reasonable provision for preparing, heating, 
or taking meals, the supply of drinking-water, the 
supply of protective clothing, ambulance and hrst-aid 
arrangements, supply and use of seats in workrooms, 
facilities for washing, accommodation for clothing, 
and arrangements for supervision of workers. 

The Alkali, etc., Works Reffulatloa Act, 
1906, applies to a widg variety of chemical and other 
works, and is administered by Inspectors appointed 
by the &.CI.B, It regulates inter Ma the discharge 
of acid gases into the atmosphere; thus in alktdi 
works the escaping air or smoke must not contain 
more than J- gr. of muriatic acid per cub. ft., 
and in other specified works the acid gases dis¬ 
charged must not exceed the equivalent ol.lf gr. 
of sulphuric anhydride per 'oiib. ft. The best prtub- 
ticable means must be adopted for preventing the 
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euape of noxious and offensive gases, and rendering 
them harmless and inoffensive. Acid drainage must 
not be allowed to mix with alkali waste so as to cause 
nuisance. The owner may require the SA.. to pro¬ 
vide and maintain at his expense a drain for carrying 
the acid waste into the sea or any watercourse into 
which it can be taken without breach of the law. 
Alkali waste must not be deposited or discharged 
without the best practicable and available means 
being used to prevent nuisance. 

pn complaint from the B.A. or from ten inhabi¬ 
tants that nuisance arises from contravention of the 
Act, the must institute such inquiry and 

direct such proceedings as they think fit 

Mines SIS controlled by the Coal Mine) Ue^julation Act, 
18S7, and the MetalUferons Mines Regulation Act, 1872 (many 
of the provisions of which are extended to quarries over 
20 ft, in depth, by the Quarries Ai-t 189t), and amending 
Acts. These Acts are administered by H.M. Inspnotors of 
Mines, bqt in one or two minor points they give powers 
under the Public Health Acts to'the B.A 

The Bhop Acts, ISftii, 1893,1893, 1904, ansi 

1919, are administered by the County and Borough 
Councila They contain no sanitary provjsions, but 
regulate the hours of employn*>n| of young persons 
under 18, whether wholly in a shop or partly alao in a 
factory or workshop. The total number of hours, in¬ 
cluding meal hours,* must not exceed 74 in any week, 
and a notice of this limit must be kept affixed in the 
shopt' “Shops" intdade warehouses and licensed 
pnbiio-honses’and refreshment-houses of all kinds. A 
' fsridier Aot (Seats for Shop Assistants Act, 1899) 
requires one seat to be provided for every three 
female asaiatants. 

The Bfvtrlvnfeii’e Compenaation Act, 1999; 

(Ms with cemin industrial diseases as well as aooideute. 
Viera (^ ffw> Getting ^i^|geia (eiv other, ipmotitieaer 
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appointed by-^the Home Secretary for the purpose) certifies 
that a workmaji is suffering from a disease named in the table 
boloer, and thereby disabled from earning full wages at the 


Diseasr. 

..-_ m. _ 

roisouhiM (or Iha ot suuli 

imlsotHiig) by— . 

JjeaU. 

Mercury. 

Phosphorus .... 

ArHciiic!. 

Cart>f)n bisnlpluiJe 
NItro* and amidoMlerivntivcsof 
benisone and Hm liomologucs 
(trinitrotoluene, aniline, and 

others). 

Nitrous fumes . . ) 

Nickel carbonyl . ( 

African lv>xw<KMi 
((roaiuNta JTummisi) 

.MiHii'ax. 

Oirotnc nieeration, or its se(iuel;e . 

s 

Ulceration of the skin, or any iler- 
'matitis, pi-oduced by dust or 
Ihjnids, or ulceration of Uie 
mucous inenbraue of the nose or 
mouth pi-odnced by dust 

I'lcemtiou of the nose 4ir mouth 
nnsluced by dust 

KpiUieliomatous cancer or ulceration 
of the skin Or cornea due to t:ir, 
pitch, bitpiiicn, mineral oil, or 
noialhri, or their compounds 

Knitlieliuma of the scrotnm . 

(Jwudera. 


Compreseed'air illucss (caissuu dis. 
ease) • 

Nystagmus. 

"Heathand" > subcutaneous i I 
"Reatknee” ^ oellulitia )' .1 
“ Beat elbow ” (acute bursitis) 
•Synovitis of wrist-Joiut and tendon I 

sheaths.I 

AnkylostomiasU . . . / 

t^ataract^ln glass-workers 


Telegraphists’ cramp 
Writer's cramp 
Dope poisoning 


Paoo^sEs. 

( 2 ) 


Any pnniess involving the use of 
these, or their pre|>arktions or 
compounds. 


.Any process in which these i^ses 
are evolvjsl. 

Mniiufocturing articles tiierefroin. 

HHiidliiig of woul, hair, bristles, 
hides, skins. 

Use of chromic acid, orhichromates, 
or tlieir preparalirms. 


Huiidling or use of pitch tar or tarry 
coinpimnds. 


Chimney-sweeping. 

Care of any equine animal nufTering 
hrom gianaers: handling-the 
carcass of such animal. 

Wmk in compressed air. 


Mining. 


Processes in the manuiketure of 
glass involving ex(>oaura to the 
glare of molten gla^ 

Use of telegraphic instruments. 

Any process fn manuhmture of air¬ 
craft. 
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work on which he was employed, or (^) a workman is suspended 
in pursuance of Kegulatfons or special Rales from his usual 
employment on account of having contracted such a disease, or 
(<;) the death of a workman is caused by such a disease, claim 
to compensation arisos if the diteaw can he ehown to be due to thf 
nature of the employment. In cortain specified cases (col. 2) this 
industrial causation is assumed, unless the Certifying Surgeon 
certifies, or the employer proves, the contrary. Additions to 
the Act can be made by order of the Home Secretary. O^er 
trades und^bccupations than those named on p. 689 may also be 
classified as dangeroux trades on the ground of the production of 
dust—metallic, chemical, or organic. 

The Employment of Children Actt on- 
ablee urban S.A.8 witti n population over 20,000 (or, in the 
case of boroughs over 10,000, and elsewhere, the County 
Council) to make bye-laws regulating the employment of 
children under 14 (not under the Factory or Mines Acts) and 
street trading by persons under 16; it forbids carrying of 
heavy weights or other injurious occupation, street trading by 
children under 11, and (in general) work between 9 p.m. and 
6 a.m.; but as regards children employed in mines, factories, 
and workshops, these provisions are admkiistered by Home 
OfiSce Inspectors only. 

Under the Prevention of Cruelty to Children 
Act« 190^9 charged with the duty of seeing 

to the ol»ervance of the conditions of licences granted by a 
Couil for the employment of children over 10 in public 
(mtertainments. 
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MILITARY AND NAVAL HYGIENE 

• 

'I’liK principles of hygiene whicli concern com 
muuitios and residential institutions, and upon which 
their public health depends, apply equally to the 
Army and Navy. Military and naval sanitation 
is, however, “trade” sanitation, that is, it concerns 
two professions of selected adult men placed for a 
longer or shorter period under exceptional conditions 
of confinement in barracks, camps, or ships, and 
eximsed suddenly to exceptional strain and stress, 
and in various Himates. The persbns in both these 
callings are selected lives, thus certain problems 
of preventive medicine do not arise; on the other 
hand, they suffer from special incidences of certain 
<liseasas, and thus create peculiar problems of their 
own (e.g. scun'y was formerly a sailors’ disease, 
and tuberculosis and venereal diseases are still pre¬ 
valent in modern armies), are massed together, ave 
less resistant owing to exposure and fatigue, and fre- 
•luently have to live temporarily under insanitSu'y 
conditions. • 

Htoibiik op the Army 

The health of the soldier must be considered 
during peace as well as during war, though war time 
raises special problems. In the South Afncan War 
approximately 7,000 men were killed by wounds, 
14,000 died from disease (principally enteric and 
dysentery), 400,000 were admitted to hospital, and 
72,000 were invalided home. In the present European 
681 
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[OHAP 

Warthere ha$ been on the Western Front an extraor¬ 
dinary absence of disease, incomparably less, propor¬ 
tionately, than in any previous war. On the Eastern 
Front there have been the old enemies—typhoid, 
dysentery, typhus, etc. The exceptional decline in 
epidemic disease in France and Germany has been 
due to (aji improved feeding and care of the soldier, 
(i) antit^hoid inoculation, (c) vaccination against 
smallpox, (d) improved hospitsd and medical service, 
(e) strict sanitation and treatment of water supply, 
nn<i (/) rapid transport. 

SRiiltarj' Service.—At the head of the organiz¬ 
ation is the Director-General of the Array Medical 
Service, who is assisted by civil and military experts 
on the Army Medical Advisory Board at the War 
Office. Under him are various Deputies and Assist¬ 
ants in charge of the Army Medical Department. 
Rext in order dome the principal '‘medical officers 
of commands and divisions, who occupy towards 
their redJ)ectivo commanders-the same position that 
the Director-General bears to the Army Council. 
Under them are specialist sanitary officers for each 
command, division, and unit, the last-named being 
responsible for sanitation of barracks and camp. In 
time of war this same arrangement obtains for the 
field army. The administration of' the lines of 
oofhmunication is under an Inspector-General, who 
has under him a sahitary staff responsible for sani¬ 
tation of the lines, subdivided into “sanitary dis¬ 
tricts,” each having a sanitary “seotion” forming 
the nucleus of a sanitary establishment and respon¬ 
sible for the “ Sanitary Squads.” The duties of the 
squad are (a) to execute skilled sanitary work in 
connexion with disinfection, water supply and con¬ 
servancy, and (6) to act as sanitary police, "nie 
duties of tife “district” sanitary officer, on the 
ctitw hand, are analogots ^ those of a 1 C.OJSm and 
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the officer at the base acts like a Port Sanitary 
Authority and isolation hospital superintendent. In 
addition to the above organization a Sanitary Section 
is formed on mobilization for general supervision 
(undertaken by engineering, veterinary, and medical 
officers). A Sanitary Section consists of an officer 
and 25 men. It is important that, whety military 
units are camped in this country, the civil and mili¬ 
tary Sanitary Services should co-operate to secure 
efficient supervision of camp sanitation (water supply, 
refuse disposal, drainage and conservancy, hutments, 
food storage, etc.), the control of infectious diseases 
(internotification, isolation, disinfection, protective 
inoculation), billeting (40 sq. ft. and 400 cub. ft. per 
man), and any matters affecting health and sanitation 
of the area.* 

Selection aoldiera.— The British Army was 

formerly enlisted on the voluntary system, but con¬ 
scription was introduced in 1916. Recruits must be 
of a certain height (5 ft. 3 in. to 5 ft. 8 in.) and chest 
girth (33| ia and expansion range of 2 in.). Before 

* Table oe iNFANntv Measure 

1,010 men «= 1 battalion. -I battalions s 1 brigade. 

8 brigades = I division. 

A DlvUtou consists, therefore, of about 12,000 inAtiitry. The aeconi* 
pauyitm unite, necesury for Its effleiency, are collectively named *'Olvi> 
sional.lVooM,'' as oi>pose<l to the Infantry Battalions. They include three 
batteries of Artillery with Ammunition Column and one squadrou of 
CavaliT, besides Bnsnneers, Army Service Co^ (Food Supply and Trtus 
liort), Ordnance (tents and kllf; and three Field AmbuUnoes witii six 
ntnbuUnce wagons aad one tent-division apiece, tlie latter representing 
the once independent field hospitoi of the South African War. 

The inedlMl arrangementa, preventive end onrativ& are all under the 
dire^on of the Administrative Hedical Officer, a Territorial oolosel, who 
is directly responsible for them to the General Offleer Commanding. Tlie 
Administrative Medical Officer is advised by hts staff officer, a n^red or 
secooded captain or major of the Royal Army Medical Corps, who eaniM 
out all the routine duties throughout the year In the name of the Admtnls- 
trative Medical Officer. For sanitation he is advised by a Sanit^ Officer, 
a Ueutenaabcolonel or raelor of the Territorial Royal Army Medical 
Out the medicilworkofeachunit, for which the commanding officer is in 
each esse held responslUe, both curative and preventiTe, Is mUM hands 
Bf tbp medloal officer of thst unit, or, in his absence, of the quutc^ 
master. In 101M7 there was extraordinary development In the medical 
bUd ambulauee (motor) service. 
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enlistment is complete each recruit is examined by 
a medical officer under the Medical Regulations 
for mental condition, absence of infirmity (including 
hernia and varicocele), condition of heart, lungs, 
joints, feet, sight, hearing, etc. Before the War, of 
the recruits examined in the United Kingdom, 30 
per cent, ^ere rejected as unfit for the Army. About 
1 per cent, further were rejected as unfit within 
three mouths of enlistment. The chief causes of 
rejection are loss and decay of teeth (18 per cent, 
of lejections), under chest measurement, diseases of 
the heart, defective vision, varicose veins, etc. 

Barracha.— Site, situation, and general sani¬ 
tation must be judged as for other residential insti¬ 
tutions. The dimensions of the barrack room are 
—length 60 ft., breadth 20 ft., and height 12 ft. 
Each of the 24 men has therefore 600 cub. ft. 
of air. Between two barrack rooms is the central 
staircase^ and at each of the cuds is an ablution 
room, one basin and urinal Iwing provided for every 
four men and I-? gallons of water for each man. In 
every case a l>ath is also fixed. Ventilation is obtained 
by the natural system. Five sanitary conveniences 
should be provided for every 100 men. In India bar¬ 
racks are further provided with punkahs, plunge Voaths, 
and dry earth closets; in the plains the regulations 
sanction 1,800 cub. ft. of space per man. Disease 
rarely originates in the barracks; it is introduced 
from outside, and spreads in proportion to the degree 
of overcrowding existing. Delorme claims that the 
space between barrack sleeping-cots is the most 
important requirement in barrack hygiene. Cubic 
space in the dormitory must never be sacrificed tq 
cubic space in the dining and recreation rooms. 

Camps should be compact and, as far as possible, 
fixed in salubrious positions. High ground or a 
hill-side, on grass if pOssible, is the best site. 
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River bede, mviiies, and depressions of ground, as 
well as tilled or made ground, are bad sites. Accom¬ 
modation is provided by bell or cii-cular tents (16 
healthy or 4 sick men), or hutments, which are pre¬ 
ferable in winter. The chief sanitary points requiring 
attention in selecting a camp site are (a) suitability 
of soil, (6) adequate water-supply, (c) coqservancy 
arrangements. The soil should be sand 6r gravel, 
with a pervious, absorptive, sloping surface. The 
quantity of water required daily is usually estimated 
at 5 gallons per man in standing camp and 10 gallons 
per horse. Less than 1 gallon per man daily is 
privation. Water in camp may be obtained from 
a municipal supply, rivei', lake, spring, or well, or 
it may be necessary to bore (Norton’s pump, see 
p. 46). A water-supply staff must be appointed, 
responsible for collection and purification (which 
may be secured by sedimentation, precipitation by 
1 grain of alum per gallon, or filtration). Filtration 
of water in camp may be accomplished by means 
of (a) a blanket or sheet of cloth, (b) double-barrel 
filter, or (c) domestic filter (Berkefeld or Pastcur- 
Chamberland in England, (Germany, and France, 
Darnell in America, Ishiji in Japan). Where prac¬ 
ticable and necessary, a sterilizer may be used 
(usually pasteurization at 80° C. is found sufficient). 
Colonel Melville advocates, for troops on the mo^e, 
filter carts, or filters •carried by pack or human 
transport; for stationary units and standing camps, 
some form of heat; for small detached bodies of 
inteUigent men for short periods, chemical treatment 
(permanganate of potash, sulphate of soda in a 
strength of 15 gr. to the pint, etc.). Conservancy 
includes latiines and refuse disposal. 

lifitrines in camp may suitably take the form 
of a water-carriage system, a pail system, or trenches. 
Trenches should be diort, 3 ft. long, 1 ft. wide at the 
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top, and 2 ft. deep, broader at the bottom (16 ior) 
than at the top. The upper edge of the trench may be 
rebated, leaving a ledge 6 in. broad and 4 in. deep on 
each side of the trench. The distance between the 
trenches should be 2^-3 ft. and one trench is sufficient 
for 20 men. One set of such trenches can be used 
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for four days, and if a camp is to remain in one 

place for more than a fortnight a pail system must 

be instituted with proper wooden latrinea Where 
trenches are used all excreta should be covered 
immediateljr, and trowels or scoops must be provided. 
Screening is necessary. One. form of camp urinal— 
that described by Captain Tilbury Brown—consists 

of a 4-ft.-square pit into which run two trenches. 



1? ft. long and 2 ft. wide, with a fall of 1 in. per 
foot. The pit may be one-third: filled with old tins 
and clinker from the camp destructor and then 
filled up with stones, gravel, and dry earth, and the 
urine, if conducted to the bottom of the pit, must 
filter upwards, which allows for oxidation. Portable 
tubs or buckets one-quarter full of oreosol (1-360) 
may be used' at night (6 .per cent, basis), and the 
oentents ultimately plae^ if! a special pit. AVhen- 
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ever a camp is occupied as a permanency, pail earth 
closets must be used (see p. 226). Latrines of what¬ 
ever kind should be 100 yards from the tents or huts 
(leeward preferably). 

Befiiee dispoaiti is concerned with human and 
horse excreta, (a) Removal of pails to earth pit or 
destructor must be effectually provided for, and regu¬ 
lations are issued to sanitary squads. Urine and 
sullage may be conveyed by drainage to a disposal 
area (with sedimentation tank when necessary). 
Trenches are filled in with earth. (6) Horse manure 
and stable refuse must bo removed frequently to 
prevent breeding of flies. Its destruction may be 
obtained by contract with farmers, by burying, or by 
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use of a destructor. Horse lines should be frequently 
changed and freely sprayed with paraffin or creosol, 
after scraping. Destructors for human excreta are 
of two types, the Unit (Horsfall) serving 1,000 men, 
and the Central (Meldrum) for 6,000-8,000 men, the 
latter necessitating cartage. For horse manure and 
other refuse a speciafly constructed incinerator is 
often used. Oarbage and kitchen refuse should be 
buried or burnt. Camp cleanliness is always of the 
greatest importance, for even among healthy trooi)S a 
few men may be typhoid-caniers, etc. Creosol, solar 
oil, or kerosene should be used as disinfectants. 

AMadon and bathing, —Ablation • benches 
should be fixed, and inexpensive shotrer-baths (an 
upright water-standard with cross-arm ai^d rose pia- 
charge over concrete gutter with wooden grating), 
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“sump” holes for waste water, kitchen discharges, 
and urine, are required. 

Kitchen arrangements. —Cook-houses, lar¬ 
ders, and mess tents are necessary. The sanitary 
problems created are chiefly the prevention of fouling 
of soil or floor, disposal of waste and refuse, and 
preservation of food (which may readily Income 
contaminated in storage, preparation, distribution, or 
consumption). 

The efficiency of a conservancy system may 
be Judged largely by the presence or absence of 
flies. Spraying with crude carbolic solution or solu¬ 
tion of ereosol or formalin (1-39), or the use of 
“oil-resin fly wires,” or of quicklime, combined 
with cleanliness and frequent removal of all refuse 
and hor.se manure (the breeding-places of flies), are 
the best preventive methods. If removal is im¬ 
practicable, “cloke packing” of maidire is effective. 
For disinfection in camp, carbolic, chloiide of lime, 
and paraffin oil are useful. • The sites of latrines 
should be marked when the camp is moved. 

Ocncral hygiene.— The health of the field army 
depends in large degree upon the personal hygiene of 
the rank and file, and this in turn is dependent upon 
sufficiency and suitability of food and clothing, cleanli¬ 
ness of the person, moderation or abstinence as re- 
gartls alcohol, avoidance of sunstroke by day and chill 
at night, and the care of the fe«t. Rations and emerg¬ 
ency rations, marching and water and refuse discipline 
require careful supervision. The frequent and careful 
washing, and the subsequent careful drying, of the 
feet is a matter of the first importance (0-5 per cent, 
formaldehyde or weak permanganate may be used 
for hyperidrosis). Foot powder may be necessary: 
3 parts of salicylic acid, 10 of starch, and 87 of talc 
is a mixture u8^ in the German army; and swabbing 
with a 10-per-cent, solution ef chromic acid in the 
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French army. Well-made knitted woollen socks and 
properly fitting boots are, of course, necessary. The 
commonest causes of men falling out on the march 
are (a) intestinal and stomach troubles, (b) faintness 
from starting on empty stomach, (c) sore feet, and {d) 
heat. Drinking-water may require the addition of 
bleaching-[Hjwder solution (3-.’) drops per watpr-bottle, 
or ’2 grm. powder to 1 pint of water), aluifl (.5 gr, to 
1 gall, of water), or potassium bisulphate (15 gr. to 
pint). The Horrocks water-testing cabinet is a 
necessary addition to the equi)iinent. 

Preventive methods. -The principles of the 
prevention of disease in the Army are, broadly, the 
same as in other communities, namely, a non-infectiuus 
environment, early recognition of the disease on oc¬ 
currence, isolation or segregation of the infectious sick, 
and disinfection^ The chief diseases.to be considered 
are tuberculosis, enteric fever, dysentery, malaria, 
heat-stroke, ophthalmia, measles, and venereal disease. 
In the European War (1917), shock, neuinsthenia, 
trench fever, paratyphoid, and cerebro-spinal fever 
have prevailed. Of the infectious diseases, the in¬ 
testinal (enteric, dysentery) are the most serious, and 
of the tropical diseases, malaria. For the prevention 
of enteric, the segregation of the “carrier” case, the 
reduction of infection by flies contaminating foqd, 
and the effective control of the water supply and 
the conservancy systera*are the essential points. In 
cholera it is usually sufficient to concentrate on the 
water supply. The preventive methods for tuber¬ 
culosis and malaria are those practised in civil com¬ 
munities, The other infectious diseases which call 
for action are smallpox, measles, and scarlet fever. 
Vaccination of every man in the unit against small¬ 
pox, and anti-typhoid inopulation, are essential. 
Heat-stroke is avoidable by suitable headgear, march¬ 
ing in “open order,” avoidance of undue fatigue. 
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ftttd abstinence from alcohol. Ophthalmia in its 
various forms is preventable by ample air-space and 
ventilation, cleanliness, protection of the eyes from 
dust and glare, and early segregation of the sick. 

IHJIltary hospitals.— Hospital construction for 
military purposes is, of course, generally speaking, 
the samq as for civil The r^ulations allow 1,200 
cub. ft. fdr each man, in tropical climates l.-^OO ft., 
and in India 1,600 ft. (in the hills) to 2,400 ft. 
(in the plains). Military hospitals are classified for 
districts and commands and for the field army. The 
former include general, station, and lunatic hospitals, 
and special hospitals on troopships, and for soldiers’ 
wives and children; the latter include general hos¬ 
pitals, hospitals on the lines of communication, field 
hospitals, and hospital ships. The field hospital sys¬ 
tem consists of (a) collecting stations near the fighting 
line but under shelter, (b) the dressing stations out 
of ran^e of fire, (c) the field liospital (tents), and 
(d) the general hospital at tBe base (huts). 

nortallty statlatica.— The chief causes of dis¬ 
ease-mortality in modern armies are phthisis, heart dis¬ 
ease, diseases of the nervous system, lung disease, and 
fevers (including rheumatic). The ravages of disease 
in the field, either fatal or disabling, are mainly due to 
inijuries, venereal disease, enteric, d^rrfacea, anddysen- 
teiy, malaria, infectious diseases, smd minor septic 
diseases. Oaries of the teeth, anti sore feet, must also be 
added as disabling conditions. Typhus * and scurvy t 
have disappeared as serious contributors. The death- 
rate for British troops previously to the War was 
about 2-4 per 1,000 at home, 3-8 per 1,000 in the 
colonies, and S-I8 in India. The “constantly sick” 

^ It U offleially stated that in th« BAvarlnn ftrmy, in 181% V,000 ont of 
2i,000 men dfod tyithuf, and After Plevo* 60^000 oat Of « strength 
l|i),0Q0 ot the enay. 

f Id the Orlmeen War the TorUeh amur eve nearl/destroyed hr eenrfy. 
and there were 40,000 cases In the aliM English and armies. 
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rate was 28‘0 per 1,000, Within a decade (1899- 
1908) the effective strength of our Army, as indicated 
by the fall in “ constantly sick ” rates, was raised by 
5,776 men, and the wastage through deaths and in¬ 
validity reduced by about 3,000 men per annum. This 
result 18 attributed to (a) changes in the medical ad¬ 
ministration, (b) improved methods in the treatment 
of disease, (c) improved sanitation, and {jt} greater 
care and uniformity in recruiting, 

Htoiene of the Navv 

The chief problem of hygiene at sea originates in 
the limitation of accommodation on board ship—cubic 
capacity, cleanliness, ventilation, spread of infectious 
disease, and dietary are all involved. There is still 
much room for improvement in these matters, particu¬ 
larly in the merchant service. The Merchant Ship¬ 
ping Act, 1906^ enlarged the minimum cubic space 
for a merchant seaman, in ships laid down after 
1906, from 72 to 120 cub. ft. per head (for sleeping). 
For a man-of-war the Admiralty allowance is 200 cab. 
ft., with a fan supply of 3,000 cub. it of air per hour 
per man. Ventilation at sea is generally secured by 
perflation, advantage being taken both of wind and of 
the air-currents pranced by the onward course of the 
ship. The air is collected by cowls, which direct it 
through shafts, or it is sent below by wind-sails otyin 
calm weather, by winc^scoops. Some of the largest 
passenger steamships are now heated by hot pure air 
from thermo tanks on the top deck, supplying air to 
all pwts of the shim from which used ur is acti- 
flcisdly extracted. The Sirocco fan, the Utley port¬ 
hole ventilator, and the plenum system (with or 
wiidiout a vacuum system) are also used. Special 
methods of ventilation are necessary for engine-rooms, 
stokeholds, and bath-rooms; also, of course, for sub¬ 
marines. lighting, beating, drainage, mesiMraoins; 
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lavatories, and water-closets need consideration and 
supervision, and ample provision must be made for 
water supply, hospital isolation, and disinfection. 

In the British Navy previously to the War (1912) 
the death-rate per 1,000 was 3‘3 from all causes, and 
2-04 per 1,000 from diseases alone. In 1858 these two 
death-rates were 25'8 and 22-0 respectively. The 
chief cadces of death are: general injuries and acci¬ 
dent (casualties, burns, poisoning, shock, explosions, 
etc.), pneumonia, disease of the circulatory system, 
enteric and other fevers, and tuberculosis. In 1909, 
out of 72,540 cases of disease or injury, 1.5,046 were 
attributed to injury, 13,474 to venereal diseases 
(including gonorrhosa), 11,691 to diseases of the 
digestive system, 8,268 to diseases of the skin, and 
7,762 to resiaratory diseases. The average number 
of men sick daily in the whole Fleet in 1914 was 
20-3 per 1,000, as compared with 229 in 1782 and 64 
in 1806. The incidence of sickness differs according 
to the three parts of the Navy; (a) shore depots and 
training establishments; (b) the Service aSoat; and (c) 
the Royal Naval Division and Marines serving on 
land. The great improvement is due not only to 
increase of cubic space and better ventilation, but to 
cleanliness, personal hygiene, add improved sanitation, 
the use of lime-juice, and the earlier recognition and 
isdation of cases of infectious disease followed by dis¬ 
infection. At the present time (1917) much is also 
due to the comparative isolation of the fleets, and the 
strict quarantine arrangements. Owing to the im¬ 
mense reduction in the length of voyages the dietary 
is more liberal and varied. Scurvy (see p. 106) has 
almost disappeared except in special circumstances. 
Disinfection on board ship is usually carried out by 
washing with suitable disinfectant (e.g. liquid sul¬ 
phurous acid) and fumigating with sulphur (1 lb. 
to every 500 ft.). In .ve^k carrying inflammable 
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cnrgoes, liquid sulphur dioxide may be used. Water- 
tanks may be treated with permanganate of potash, 
or preferably with steam. Bilges are disinfected by 
pouring in strong disinfectant solution, allowing 
the water to enter, and then pumping into the sea. 
Rats are best killed by pumping in a lethal gas 
(carbon monoxide, carbon dioxide, sulphur dioxide, 
etc.). Hospital ships do not now accompany deets in 
action, but serve as “marine ambulances,” liase, clear¬ 
ing, and isolation hospitals. 

Port Snnitary Authorities. —Reference i.s 
made elsewhere to the various duties now devolving 
upon Port Sanitary Authorities, but it may be con¬ 
venient to summarize them here. The four most 
important are—(1) the supervision of all conditions 
affecting the health of persons on shipboard; (2) the 
prevention of the introduction of infective disease 
through the ports, and the removal to hospital of 
cases of dangerous infectious disease on board ship; 
(3) the control of importation of foreign meat and 
other foods from a health point of view; and (4) the 
sanitation of porta. The general and particular prin¬ 
ciples of hygiene dealt with in this book appjy in these 
fis in similar matters in ordinary sanitary areas, but 
certain special arrangements have been made to which 
cross-reference is desirable. 

Cases of sickness anioiiK suitors and sol¬ 
diers. —fiection 5 (4) of the Local Government (Emergency 
Pravisiona) Act, 1916, provides that the U.O.H. of a local 
Authority shall receive notifications of all oases of infections 
diseases arising in haiTacks, camps, etc., in the occupation of 
His Majesty’s Forces, The Act came into force on May 17th, 
1916, Before this date thedntyof notifying cases of infectious 
ilisesses to the did not apply in respect of persons 

living in any building, etc., belonging to the Chown. 



CHAPTER XXII 

BYE-LAWS AND REGULATIONS 

Bye-laws, having the force of low, may he made 
by sjanitary Authorities for the better government 
of their districts, but only in respect of certain 
matters, and under certain conditions, expressly stated 
in the Acts of Parliament. They are designed to 
supplement, not to summarize, vary, or supersede, 
the express provisions of the statute law. It is, of 
course, quite open to any S.A. to append to their bye¬ 
laws a statement or summaiy of the requirements of 
the statute taw •bearing upon the same matters. In 
some cases this course is advised by the L>0>B, Bye¬ 
laws must be reasonable, and piust not in any particular 
bo repugnant to the provisions of the general law. 
Thw have (as a rule) no force until appi’oved by the 
L.O.B. Any bye-law may be altered or repealed by a 
subsequent bye-law. In framing bye-laws, a S.A. 
should impose reasonable penalties, not exceeding £(> 
for each offence; and in the event of a continuing 
offsnce, a further [lenalty not exceeding £2 per day. 

Urban authorities are eo^wered to make bye¬ 
laws as follows:— 

1. Private scavenging. —For imposing upon occu¬ 
piers the duty of cleansing pavements and footways, 
of removing house-refuse, and of cleansing earth-closets, 
ashpits, privies, and cesspools. Such bye-laws are only 
to be made if the 8.A. do not undertake or contract 
for these matters * (Public Health Act, 1875, s. 44). 

2. Prdvsaitfon of nuisances —For the prevention 

* But $e€ the Public Hecltfi Act^ Htncndment Act-, 1890, p. 608. 

^Oi 
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of nuisances arising from snow, filth, dust, ashes, and 
rubbish. For the prevention of the keeping of 
animals on any premises so as to be injurious to health 
(Public Health Act, 1875, s. 44). 

3. Common lodging-houses—^For regi\Iating the 
number of lodgers and the separation of the sexes; 
for promotingxleanliness and ventilation ; for giving 
notice and taking pi'ecautions in case of nnfectious. 
disease ; and for the general well-ordering of such 
houses (Public Health Act, 1875, s. 80). 

4. Houses let In lodgings.—For regulating the 
number of persons and separation of the sexes in a 
house or part of a house let in lodgings or occupied 
by members of more than one family; for the 
registration and inspection of such houses; for drain¬ 
age, privy accommodation, cleanliness, and ventilation; 
for cleansing and whitewashing at fixed times; for 
paving of yards'*; and for giving ndtice and taking 
precautions in case of infections disease* (Public 
Health Act, 1875, s. 90). The Merchant Shipping 
(Fishing Bo>ts) Act of 1883 gives power to the B>A. 
to make bye-laws for the regulation of seamen’s 
lodginy-houses, 

5. Hop-pickers. —For securing the decent lodging 
and accommodation of persons engaged in picking 
hops (Public Health Act, s. 314). 

6. Fruit-pickers. —For securing the decent lodging 
and accommodation of pprsons engaged in picking ^it 
and vegetables (Public Health rFrnit-pickersl Act, 
1882). 

7. Tents and vans. —For promoting cleanliness in, 
and habitable condition of, tenia, vans, sheds, mid 
similar structures used for human habitation; for pre- 

* Thft M.O.H. must on r«que8t inspect any boose vboUy let i&' 
tenements at rents not t>X(N«diQg 7 b. 6d. weekly, and (if satisfled) oerU^ 
that the acoommndation and eanltary arrangements are suitable. The 
effect is to exempt from Inhabited House Du^. The S.A* nxy apiiolnt 
another pnotitioner. analifled to act as 1I.O.B., to give such cerQncate 
iOustoms and InUna.Bevenoe Act 1890X 
2 T 
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venting the spread of infectious disease by the occu¬ 
pants thereof; and generally for the prevention of 
nuisances in connexion with the same (Housing of 
the Working Classes Act, 1883). 

8. New streets and buildings.— With respect to 
the level, width, construction, and sewerage of new 
streets ; with respect to the structure of walls, founda¬ 
tions, roofs, and chimneys of new buildings, for secur¬ 
ing stability and for the prevention of 6res, and for 
purposes of health; with respect to ventilation and 
suBicicncy of air-space about buildings ; with respect 
to drainage, closets, ashpits, and cosspools; with 
respect to the depositing of plans and sections of pro¬ 
posed new streets and buildings ; with respect to the 
power of the Authority to remove, alter, or pull down 
any work which has been begun or done in contra¬ 
vention of the bye-laws ; and with respect to the 
closure of buildings unfit for hdbitation (Public 
Health Act, 1875, s. 157). 

9. Mortuaries. —For the regulation of charges and 
management of public mortuaries (s. 141). 

10. Cemeteries. —For the regulation of charges 
and management (Public Health [Interments] Act, 
1879). 

11. Slaughter-houses —F6r the licensing, register¬ 
ing, and inspection of slaughter-houses and knackers’ 
yards; for preventing cruelty therein ; for cleanliness 
and daily removal of filth ; atjd for providing a supply 
of water (Public Health Act, 1875, s. 169). 

12. Offensive trades. —For preventing or diminish¬ 
ing the noxious or injurious efiects of any offensive 
tr^es (Public Health Act, 1875, s. 113). 

13. Markets and fairs. —For preventing nuisances 
in markets and fairs ; for inspection of slaughter¬ 
houses, and daily removal of refuse therefrom ; for 
preventing the sale or exposure for sale of unwhole¬ 
some provisions; and fop many other purposes 
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(Public Health Act, 1875, s. 167, and Public Health 
Act, 1908). 

14. Open spaces.—For the regulation of public 
walks and pleasure grounds (Public Health Act, s. 
164). For the regulation of any open space, church¬ 
yard, cemetery, or burial ground over which the S.A. 
lias control (Open Spaces Act, 1887). < 

16. The Municipal Corporations Act,* 1882, a. 
2.7, gives power to the Council of a borough to 
make bye-laws for the prevention and suppression of 
nuisances not already punishable in a summary manner 
by virtue of any Act in force throughout the borough. 
County Councils have similar power under the 16th 
.section of the Local Government Act, 1888. 

16. For the regulation of buildings provided 
under the Housing of the Working Classes 
Acts. 

17. By adopting certain iiortioni} of the Public 
Health Acts Amendment Act, the S.A. may make 
bye-laws as to public conveniences provided by them ; 
and also additional bye-laws as to new (and old) 
buildings, removai of house refuse, and prevention 
of nuisances (p. 60.7). 

18. For means of escape from Are, in factories and 
workshops (Factory and Workshop Act, 1901, s. 16). 

Rural Authorities have similar powers in respect 
of the following;— •’ 

Private scavenging (1, ITJ. Tents and vans (7). 
Common lodging-houses (3). Mortuaries (9). 

Houses lot in lodgings, and Means of escape from 

seamen’s lodging-houses (4). fire, in factories and 

Hop-pickers (6). workshops (18). 

Fruit-pickers (6). i 

And also under the Housing of the Working Classes 
Acts (16). By adopting portions of the Public Health 
Acts Amendment Act, they can make certain bye-laws 
as to new (and old) buildings (8,17). The K.Q.B. may 
confer upon them any other powers as to bye-laws which 
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the Public Health Acts give to Urban Authorities 
(Public Health Act, 1875, s. 276). 

Bye-laws as to common lodging-houses must be 
made by every S.A., and as to slaughter-houses by 
every urban S.A. ; the rest are optional. 

Any S.A. may make regulations under the Dairies 
Order (tee p. 630). 

A S.'A. may make regulations (to be approved 
by the L.Q.B.) for the removal to hospital, and 
detention in hospital as long as necessary, of per¬ 
sons brought within their district by ship or boat, 
and infected with any ([angerous infectious disorder 
(Public 'Health Act, s. 125). They may also make 
regulations for the management of places provided 
by them for post-mortem examinations ordered by 
a coroner. 

model bye>law8 have been prepared by the 
L.O.B. in respect of certain of the matters upon which 
Sanitary Authorities have power to frame bye-laws. 
The following dealing with health matters have been 
issued up to the present time:— 


Private scavenging. 
Prevention of nuisances. 
Common lodging-houses. 
New streets and buildings. 
Markets. 

Blaughter-houses. 

'Paths and wash-houses. 
Tents, vans, sheds, etc. 


Mouses let in lodrings. 
Cometories. Mortuaries. 
Offensive trades. 
Hop-pickers. 

Means of escape from fire, in 
factories and workshops. 
Prevention of waste of 
r water. 


These Models * are now very generally adopted, 
with occasional slight modifications, by Sanitary 
Authorities seeking to frame bye-laws. The follow¬ 
ing summary includes only those which have a more 
direct bearing upon sanitary matters :— 

1. Private scavenging, f—The occupier of any 

* The eeml'OfliAial Jnnotatsd Modd (Knight and COs) oontalu!* 

maajr Important notea, additions and iUnstntloni. 

t Applieable to dlatricto wh6re^el.A. do not nndertaketheaedntles. 
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premises must cleanse the footways and pavements 
iidjoiniug his premises daihj except Sunday. He must 
remove the house refuse mice a week, and excreta at 
intervals not exceeding the following maximum 
limits :— 

Jlfuat cl«an«ed at Uast'- 


Earth-closets, with fixed receptacle 
„ „ movable „ 

Privies, whetlior the receptacles arc fixed 

or movable. 

Ashpits, whether receiving excreta or 

not. 

Cesspools. 


once in three months, 
once a week. 

once a week. 

once a week, 
once in three months. 


2. Prevention of nuisances.— (a) Clearing avxiy 
mow .—The occupier of any premises must clear away 
snow from the footways and pavements adjoining his 
premises, as soon as possible after it ceases to fall. 

(b) Scavenging .—The refuse from any premises 
shall only be rem'oved in a suitable covered receptacle 
or carriage ; and if from premises within 20 yards of 
any dwelling, public building, or place of business 
only between [7.0 and 9.30 a.m.] from November to 
February, and between [6.0 and 8.80 s.m.] from March 
to October. The occupier of any premises must cause 
all refuse to be placed in a movable receptacle, and 
generally facilitate tlie work of collection. Befuse 
must not be deposited upon any road, and any refuse 
accidentally falling upon a road must be immediately 
gathered up and the plate cleansed. 

(c) Deposit of nightsoil and other refuse .—No 
load of filth must be deposited for more than [24J 
hours within [100] yards of any stree^ dwelling, 
public building, or pkee of business. Nightsoil de¬ 
posited for agricultural purposes upon land within 
[100] yards of a street, dwelling, etc., and not deodor¬ 
ized, must at once be dug or ploughed into the ground. 

(d) Keeping of animals. — Swine must not be 
kept within [100] ft. of any dwelling, nor cattle 
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where they may pollute water likely to he used 
for drinking, domestic, or dairy purposes, or for 
manufacturing drinks. The same prohibitions apply 
to storage of dung. Premises wherein are kept any 
swine, cattle, horstis, etc., must be provided with 
proper receptacles for manure, and with efficient 
drainage; the receptacle must be water-tight, covered, 
and entiftly above the level of the ground, and it 
must be cleansed at least once a week ; the drain must 
be properly eomstructed and kept in order at all times, 
so as to convey all liquid tilth to a sewer, cesspool, or 
other suitable receptacle. 

3. Common lodging - houses, (a) Number oj 
Imlgers .—The S.A. may specify by notice in writing 
the maximum number of lodgers to be accommodated 
in each room, and the keeper must not allow this 
number to be exceeded ; notice stating the maximum 
number allowed must be exhibited “in each room.* 
The S.A. may' vary the number from time to time 
by further notice. 

(6) Separation of eexee .—In general, no person 
above 10 years of age must occupy the same sleeping- 
room as persons of the opposite sex, but rooms may 
be set apart for the sole use of married couples, to the 
exclusion of other persons ovdr 10 years of age, on 
condition that every bed is screened off. No bed must 
btf occupied by more than one male above 10 years 
of age. r 

(c) Cleanliness of premises .—The yards, etc., must 
be kept clean and in good order; all floors swept daily 
and washed once a week; all windows, painted sur¬ 
faces, and httings of wood, stone, or metal, kept 
clean. 

(d) Closets must be kept clean and in good and 
efficient order. . 

9 

* It in ntiaal to require at leftet 300 cub. ft. of air>si«ee per head, but 
to oottut two dUIdren as one adoit. 
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(e) Ashpits must be kept clean and in good order. 
No filth Or wet refuse must be thrown into ashpits 
ilesigned for dry refuse only. 

(/) Management of sleeping-rooms. —The windows 
must be opened fully for an hour in the morning, 
and an hour in the afternoon, except in case of stress 
of weather or occupation of the room by a sick person, 
or other suflicient cause. Beds must be stripped of 
clothes and exposed freely to the air for an hour 
each day, and must not be reoccupied within eight 
hours after being vacated. All refuse and slops must 
be removed every day before 10 am., and all utensils 
cleansed daily. Every sleeping-room must be provided 
with suflicient bedsteads, beds, bedclothes, and utensils, 
for the use of the maximum number of lodgers to be 
received therein. 

If) Facilitm for washing. —A sufficient supply of 
suitable basins, water, and towels must Ire provided 
for the use of lodgers ; and must be kept clean and 
renewed as required. 

(h) Precautions in respect of infectious diseases .— 
If the keeper finds that any lodger is suflTei’ing from 
an infectious disease, he must at once take all ireces- 
sary precautiona No person, except a relative or 
attendant, must occupy the same room as the sick 
person. If the patient is removed to hospital by 
the 8.A. the keeper must aflbrd all facilities for 
removal and must adopt all precautions directed by 
the IC.O.Hi 

He must, if required by the H.OiK, to do so, 
temporarily cease to receive lodgers into any infected 
room. At the end of the case by removal, recovery, 
or death, the keeper must at once give notice to the 
K.OiK. and must cleanse and disinfect every part of 
the infected rooms and their contents, and in doing so 
most comply with all instructions of the X.O.H. 
When the cleansing and disinfection are completed, 
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he must give notice thereof to the M.O.H,, end must 
not receive any lodger into the rooms in question 
until two days after such notice has been given. 

(i) A copy of the hye-laws in force with resj)ect to 
Common Lodging-Houses, supplied by the 8.A., 
must be exhibited in some conspicuous place in the 
house, and must not be concealed, altered, obliterated, 
or injure<f 

As some of the most important regulations regarding 
common lodging-houses are contained in the Public Health 
Aot, and are therefore omitted in tho bye-laws, it is desirable 
that a statement of the provisions of ss. 75 to 89 of the Public 
Health Act should accompany the copy of hye-laws supplied 
to each common lodging-house. 

As regards the question of the suitability of any 
particular premises or particular rooms for registration, 
a Memorandum, issued by the L-OiB., points out that 
a common lodging-house should, in'the first place, 
possess the conditions of wholesomeness needed for 
houses tn general, and secoddly, that it should have 
arrangements fitting it for the special purpose of re¬ 
ceiving a given number of lodgers. Inside walls should 
not be papered. Every registered room should have 
special means of ventilation (1^ chimney if possible), 
and a window opening freely and directly upon the 
outer air. There should be kitchen and day-room 
Bccbmmodation apart from the bedrooms. Rooms 
partially underground should not be registered as sleep¬ 
ing-rooms. There should be a supply of pure water 
allowing at least 10 gallons per bead per day for the 
maximum number of inmates, and one closet for every 
twenty registered lodgers. Wherever practicable, 
there should be a separate place for washing, not in 
the bedrooms, with fixed basins and trapped and dis¬ 
connected waste-pipes. 

4. New slreets and baihiings. (a) Afreets.—No 
new street must be IdSs^hAn 36 ft. wide, if it ex- 



MODIL BYE-LAWS 


713 


zui] 

oeeds 100 ft. in length or is intended to be a 
carriage road; nor less than 24 ft. in any ease. 
One end at least must he quite o|)en. 

(6) Sites .—No buildings must bo erected upon 
soil polluted with animal or vegetable matter. Sites 
in low and damp situations, near rivers or in exca¬ 
vations, must be elevated artificially. Thf site of a 
new house must be entirely asphalted or cefrered with 
6 in. of concrete. 

(c) Walls of all new buildings must be constructed 

of good bricks, stone, or other hard and incombustible 
materials, properly bonded and solidly put together 
with good mortar compounded of good lime and clean 
sharp sand or other suitable material, or with good 
cement, or with good cement mixed with clean sharp 
sand. Every w^l most hare a proper damp-course 
of durable and impervious material beneath the level 
of the lowest timbers and at leasf 6 in. above the 
ground. If the ground is to be in contact with a wall 
above the level of the floor of the lowest storey, that 
wall must be made double, with a cavity 2| in. 
wide extending from the base of the wall to 6 in. 
above the surface of the adjoining ground; and damp- 
courses must be inserted both at the base of the 
wall and at the level of the top of the cavity. Walls 
of new houses must be at least 9 in. thick, increas¬ 
ing according to a prescribed scale when the height 
is greater than 25 fk, or the length greater than 
30 ft Party-walls must be carried up at least 16 in. 
above the roof, the distance to be measured at right 
angles to the slope of the root The permit 

certain modifications in the bye-laws for buildings in 
rural districts. (Cireular, 5th Jtui., 1906.) 

(d) Roofs must be made of incombustible materials, 
and provid^ with gutters leading to rain-pipes. 

(«) Open space.—X new house must have along 
its whole frontage an open Bi)ace measuring at least 
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34 ft. to the boundary of any land or premises 
immediately opposite or to the opiKwite side of the 
street. In the rear there must be an open space 
exclusively belonging to the house, at least 150 sq. ft. 
in area, and free from any erection above the ground- 
level except a closet and an ashpit; the open space 
must extend along the entire width of the house, 
and must Ineasure in no case less than 10 ft. from 
every part of the back wall of the hou.se; if the 
house is 15 ft. high, the distance must be 15 ft. ; if 
25 ft., then 20 ft.; and if 35 ft. or more, then 25 ft. 
at least. 

(/) Ymtilation bmietUh floors .—If the floor of the 
lowest storey is boarded, there must be a clear space 
of at least 3 in. between the boards and the imper¬ 
vious covering of the site, and the space must be 
ventilated. 

(p) Windows ‘opening directly infb the external 
air must bo provided in every habitable room. The 
window aVea must be at least one-tenth of the floor 
area; at least half of each window must be made to 
open, and it must open at the top. 

(h) Ventilatwn. — Every habitable room must 

either have a fire-place and chimney, or a special 
ventilating ajwrture or air-shaft Vith an unobstructed 
sectional area of at least 100 sq. in. Every new 
building must be provided with adequate means of 
ventilation.* ■> 

(i) Drainage .—Damp sites must be drained by 
earthenware field pipes properly laid to a suitable 
ont&ll, but not directly communicating with any 
sower or cesspool or drain containing sewage. Rain- 
pipes must be provided to carry away all water falling 
on the roof without causing dampness of the walls or 

* Tbe semi-offleial Malol Bye.lawa tinder the Piibilc Health Acte 
Aniendment Act pi^aortbe a minimum height of 9 ft. in every part, 
eatiept iu attics used os bedrooms, when a minimum height of 5 iL is 
permitted, if in two*^inis of the area ^ Height is not less than 9 ft. 
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foundations. The level of the lowest storey must be 
such as to allow of the construction of a drain sufficient 
for the drainage of the building communicating with 
a sewer at a point above the centre of the sewer. All 
drains for sewage must be luiide of impervious pipes 
4 in. or more in internal diameter, laid with a 
proper fall in a bed of concrete, and with water-tight 
joints. Every drain inlet not intended forwentilation 
must be trapped. No drain conveying sewage must 
pass under a building unless no other mode of con¬ 
struction is practicable ; in that ease it must he laid in 
a direct line for the whole distance beneath the house, 
and must be embedded in and covered with concrete 
6 in. thick ail round, and must be laid at a depth 
below the surface at least equal to its diameter, and, 
lastly, must be ventilated at each end of the portion 
beneath the building. The main drain must be 
trapped at a* point within the turtilage, but as 
distant as practicable from the building. Branch 
drains must join other drains obliquely in the direc¬ 
tion of flow. 

(j) Vendlatiort of drains .—There must be at least 
two imtrap|)ed ventilating openings into the drains, 
according to one of the following alternative arrange¬ 
ments 1 (1) One opening consists of a shaft or dis¬ 
connecting chamber opening at or near the ground 
level, and situated as close as possible to the vrap 
specified above, but o® the house side of it; the other 
opening is a pipe or shaft carried from a point as far 
distant as possible from the said trap (i.e. as near as 
possible to the head of the drain) vertically upwards 
in such manner and to such height (in no case less 
than 10 ft.) as to prevent any escape of foul air into 
any building; but (2) if more convenient, the relative 
positions of these openings may be reversed, the shaft 
being placed near the tra{), and the opening at the 
ground-level at the head of the drain. The ground- 
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level opening must have a grating, with apertures 
equal in total area to the sectional area of the drain. 
The pipe or shaft at the other end of the drain 
(whether used as a soil-pipe or not) is required to 
have a sectional area equal to that of the drain, and in 
no case less than 4 in. ; and bends and angles are to 
be avoided as far as practicable. 

(k) IMconneclioH oj drama from home. — No 
drain inlet is jiermitted within a building except the 
inlet necessary for a water-closet. Every soil-pipe 
mu^ be at least 4 in. in diameter, must be plao^ 
outside the building, and must be continued upwards 
in full diameter, without bends or angles (except where 
unavoidable), to such a height and such a point as to 
afford a safe outlet for sewer air. There must be no 
trap between the soil-pipe and the drain to which it 
leads, nor in any part of the soil-pipe except such as 
may be necessary’in the construction* of the water- 
closet. The waste-pipe from a slop-sink must conform 
to the saihe requirements as t( soil-pipe. The waste- 
pipes from any other sink, bath, or lavatory, the 
overflow pipe from any cistern and from any “ safe ” 
under a bath or water-closet, and every pipe for con¬ 
veying waste water, must be taken through an exter¬ 
nal wSl and must discharge in'the open air over a 
channel leading to a trapped gully grating at least 
18 ifc. distant 

(l) Wadar-ehaeU most have a window opening 
directly into the external air, and measuring 2 ft 
by 1 ft clear of the frame; and, in addition to the 
window, adequate means of constant ventilation by 
air-brioks, air-shafts, etc. Such closets, if within the 
building, must adjoin an external wall The water 
most be supplied. to a water-closet by means of a 
s|)ecial cistern. The apparatus must be suitable for 
effectuid flushiflg and cleansing of the basin; the 
basin must be made of non-E^>sS)rbent material, and of 
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such shape and capacity as to receive and contain a 
sufficient quantity of water, and to allow all filth to 
fall free of the sides directly into the water. “ Con¬ 
tainers ” and “ D-traps ” are forbidden. 

(to) Marth-clo)ei» are subject to the same con¬ 
ditions as watei'-closets so far as regards position, 
lighting, and ventilation. Proper arrangements must 
1)6 made for the supply of dry earth, and its efiectnal 
and frequent application to the excreta; also for con¬ 
venience of scavenging, and for exclusion of rainfall 
and drainage. The receptacle for excreta, whether 
fixed or movable, must be so constructed as to prevent 
absorption or escape of the contents, and to exclude 
rainfall and drainage; if fixed, its capacity must not 
be greater than may suffice for (3 months) nor in 
any case greater than (40 ?) cub. ft., and it must in 
every part be (31) in. above the ground. (The 
maximum limit of size may with ailvantage be 
reduced to 2 cub. ft. in the case of earth-closets placed 
inside houses.) 

{n) Prime! must not be erected within 6 ft. of a 
dwelling, public building, or place of business, nor 
within (501) ft. of any water likely to be used 
for drinking, or domestic purposes, or for manufac¬ 
turing drinks, nor otherwise in such a position as to 
entail danger of the pollution of such water. Privies 
must be built so as to admit of convenient scavenging, 
without carrying the contents through any dwelling, 
public building, or place of business. There must be 
an opening for ventilation at the top; the floor must 
be paved, and raised 6 in. above the ground in 
all parts, with a fall of half an inch per foot towards 
the door. The receptacle may be fixed or movable. 
If movable, as in pail-closets, the floor of the area 
beneath the seat must be flagged or asphalted, and 
raised 3 in. above the ground-level, and all the 



718 BYE-LAWS AND EEGULATIONS [chap. 

brick, at least 9 in. thick, and rendered in cement. 
If the receptacle is fixed, it must be in every part 
3 in. above the ground-level, and its capacity must 
not exceed 8 cub. ft,; * means must bo provided for 
the application of ashes and dry refuse to the excreta, 
and for the exclusion of rainfall and drainage, and 
for convenient access for scavenging; the materials 
and constriction must be such as to prevent absorp 
tion or leakage, and there must be no connexion with 
any drain. 

(o) Ashjnts must not be constructed within 6 ft. 
of any dwelling, public building, or place of business, 
nor within (.fiO ?) ft. of any water likely to be used 
for drinking or domestic purposes, etc., nor otherwise 
in such a position as to entail danger of the pollu¬ 
tion of such water. Ashpits must be so placed and 
constructed as conveniently to allow of scavenging 
without carrying Vhe contents thi-ongH any dwelling, 
public building, or place of business. The capacity 
must not* exceed fi cub. ft. or such less capacity as 
may suffice for a period not exceeding one week. 
The walls must be of flag, slate, or brick, at least 
9 in. thick, and rendered inside with cement; the 
floor must be flagged or asphalted, and raised at 
least 3 in. above the groundTlevel. The ashpit 
must be roofed and ventilated, and provided with 
a door so arranged as to allow of convenient re¬ 
moval of the contents, and t» allow also of lasing 
closed and fastened. The ashpit must not be con¬ 
nected with any drain. 

(p) CempooU must not be constructed within 
(60?) ft. of any dwelling, public building, or place 
of business, nor within (1001) ft. of any water likely 
to bo used for drinking, or domestic purposes, or for 

manufacturing drinks, or otherwise in such a position 
« 

• The«d (litnenfilonR ere haueti upon tji« aiwuniption of weekly 
srorenglng, ^ 
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as to entail danger of pollution of sueh water. Cess¬ 
pools must be so ooustructed and placed as con¬ 
veniently to admit of scavenging and cleansing without 
carrying the contents through any dwelling, public 
building, or place of business. They must not bn 
connected with any sewer. They must be cov(ired 
over by an ai-ch or otherwise, and adequately venti¬ 
lated ; and must be constructed of bi-ick -ah cement, 
rendered inside with cement, and with a backing of 
at least 9 in. of clay. 

(}) Closure of premises unfit for occujxUion. —The 
S.A. may, under certificate from the M.O.H, or 
Surveyor, declare any building or part of a building 

erected after. unfit for habitation, and order it to 

be closed until renderetl fit for habitation. Oppor¬ 
tunity must be given to the owner to show cau-so why 
such order should not be made. 

(r) Plans ahd sections must be sflbmitted, showing 
in detail the construction of all proposed new streets 
or buildings. (The Public Health Act, s. 1 fiS, requires 
that the S.A. shall signify their approval or disappro¬ 
val of the plans within a month after receiving them.) 

(a) Inspection. —Notice must be given to the Sur¬ 
veyor of the dates upon which work is to be com¬ 
menced, and tipon which any sewer, drain, or founda¬ 
tion is to be covered up; notice must also be given of 
the completion of the work. Free access for inspection 
must be afforded to him at all times during the pro¬ 
gress of the work. 

if) Demolition of illicit works. —If any work to 
which the bye-laws apply is done in contravention of 
such bye-laws, the S.A. are empowered to remove, 
alter, or pull down such work.* 

* The Bye^lawg contain no provialon for the aeweram of new 

atreeta, owinit to the wide variation in the conditions in difierent localitioe 
" It may be doubted whether any poweiifi, which under such byedawa may 
be lawfully aasumed by Sanitary AnthoHtiea, will, an regards eitent and 
efficacy, compare wstii the powers which they derive from the express pro. 
visioQi of the Public Health Act.*’—Ctrevidr to Urban 9,A, 
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6. Slaughter-houses, (a) Licences ,—Applications 
for licence of existing premises, or erection of new 
slaughter-houses, must be made upon a specified form, 
and must include full particulars as to the position, 
form, area, cubic space, etc., of the buildings and 
appendages; materials and construction of walls and 
floors; means of water supply, drainage, lighting, 
and ventilation; means of access for cattle; number, 
position, and size of stalls or lairs, and number of 
animals to be accommodated therein, distinguishing 
oxen, calves, sheep, and swine. The boundaries must 
also be shown, and, in the ease of old premises, 
particulaBS as to the ownership and the applicant’s 
tenure must be given. 

(6) Begistratimi. — If the S.A. approve the applica¬ 
tion, a licence shall be issued to the applicant, and 
must be registered by him at the office of the S.A. 

(c) Inspection .—Free access to e/ery slaughter¬ 
house for the purpose of inspection must be afforded 
at all reasonable times to the X.O.H., Inspector, 
Surveyor, and Committees appointed by the S.A. 

(d) Water must be supplied to every animal kept 
in a lair prior to slaughter. 

(e) Mode of slaughter .—Cattle must be secured 
by the head so as to be felled <With as little pain as 
practicable. 

t(f) Drainage, water supply, and ventilation must 
be kept in efficient order. , 

(g) Cleardiness .—'The walls and floor must be kept 
in good order and repair, and must be thoroughly 
cleansed within three hours after any slaughtering; 
the walls and ceiling must be limewashed within 
the first ten days of March, June, September, and 
December respectively. 

(A) Anistnals pot to he kept .—No dog may be kept 
in a slaughter-house; nor other animal, unless in¬ 
tended for slaughter upon thetoremises, and then only 
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in proper lairs, and not longer than may be neces¬ 
sary for preparing it for slaughter by fasting or 
otherwise. 

(t) Removal of refxm. —Suitable vessels made of 
non-absorbent materials, and provided with close- 
fitting covers, must be provided for the reception of 
blood, manu]?e, garbage, and other refuse^ all such 
matters must be placed in these vessels immediately 
after the slaughtering; the refuse must be removed 
within 24 hours, and the vessels forthwith cleansed. 
All skins, fat, and offal must be removed within 24 
hours. 

** The Board have considered that the statutory terms do 

not warrant.regulatiooB directly affecting the structure 

of the premises. But.in the exercise of the discretionary 

power of licensing which has been conferred upon the 8«A«, 
the following rules as to sito and structure should influenco 
their decision upon each application for a licence: — 

“ 1. Hie promises.should not be within 100 ft. of any 

dweUin|-hou8e; and tho site should be such as to admit of free 
ventilation by direct communication with the external air on 
two sides at least of the slaughter-house. 

2. Lairs for cattle in connexion with the skughter-house 
should not be within 100 ft. of a dwelling-house. 

" 3. The skughter-house should not in any part be below 
the surface of the pound. 

4. The approBuh to the 8kugbter*hou«» should not be on 
an incline of more than 1 in 4, and should not be through any 
dweUing-house or shop. 

" 5. No room or loft should be constructed over ^he 
alanghter-hoose. 

“6. The slaughter-hotse should be provided with an 
adequate tank or other proper receptacle for vmter, so placed 
that tlm bottom shall not be less than 6 ft. above the levri of 
the floor of the slaughter-house. 

** 7 . The skughter-house shall be provided with means of 
thorough ventiktion. 

8. Hie slaughter-house should be well paved with asphalt 
or concrete, and laid with proper slope and channel towaJEds a 
guiley, which sho^d be properly trapped and oovered with a 
grating, tiie bars of wnidh should not be more than I 
apart, pibvision for the effectual drainage of the slaughter- 
house shhoH also be made. 

2o 






722 BYB-LAWS ANB REGULATIONS [chap. 

9. The surface of the walls in the interior of the slaughter- 
house should bo covered with hard, smooth, impervioa.s 
material to a suffieient height. 

“ 10. No water-closet, privy, or cesspool should ho con¬ 
structed within the slaughter-house. There should he no 
direct communication between the slaughter-house and any 
stable, water-closet, privy, or cesspool. 

11, Every lair for cattle in connexion with the slaughter- 
house shoi^d be properly paved, drained, and ventilated. 

“ 12. No habitable room should l>e constructed over any 
lair,*'— Memorandum, 

6. Houses let in lodgings (or " tenements 

(«[ Dejinitiona. —A “lodging-house” is defined as 
a house or part of a house intended for the working- 
classes, let in lodgings, or occupied by members of 
more than one family. The “ landlord ” means the 
owner within the meaning of the P.H. Act, 1875; 
“ tenant ” means the person who, whether ns owner 
or otherwise, hae an interest in the rpremises and is 
entitled to let lodgings and for the time being to 
receive profits from such lotting; and a “ lodger " 
is a person to whom any room or rooms in such 
house, or- part of a house, have been let for his 
use and occupation. (J) Limitation as to class .— 
(1) On a rent limit, say of 3a. to 8s. if unfurnisherl, 
or 6s. to 10s. if furnished ; or ^2) where the landlord 
resides on the premises, and the letting is to not more 
than one lodger, (c) Cubic space. —A room used 
exclusively as a sleeping-apaftment shall not be so 
used at any one time by a greater number of persons 
than will admit of the provision of 300 cub. ft. of 
air-space for each person over 10 years of age, and 
150 cub. ft. for each person under 10 years. A room 
not exclusively used as a sleeping-room shall not be 
used at any one time by a greater number of persons 
than will admit of the provision of 400 cub. ft. of 
air-space for*each person over 10 years of age, and 
200 cub. ft. for each person under 10 years, (d) 
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Tmmi to furnUh returns .—The tenant shall, if re¬ 
quired by the S.A., furnish the following particulars; 
(1) Number of rooms in the house; (2) number of 
rooms let in lodgings or occupied by members of 
more than one family; (3) the manner of use of each 
room ; (4) the number, age, and sex of the occupants 
of each room used for sleeping; (5) full lAme of the 
lessee of each room; (C) the rent payable by each 
lessee, (e) Impection. —Facilities for inspection shall 
be afforded to the U.O.K., Inspector, or Surveyor at 
all times by the tenant and lodgers. (/) Closet aeeom- 
mudation .—^The landlord shall provide sufficient closet 
accommodation, in the proportion of at least one 
closet for every twelve persons of the maximum 
number of lodgers allowed by the bye-laws, and main¬ 
tain the closets and all necessary appurtenances in 
efficient order. •All closets must W kept clean, and 
supplied with dry earth (if earth-closets) or water (if 
water-closets) as i-equired.* (g) Ashpits must be main¬ 
tained in repair by the landlord, and must be kept 
clean; no filth or wet i-efuse must be thrown into an 
ashpit designed for dry refuse only. (A) Clemdiness 
of rooms.—The floors of all rooms must be swept 
daily, and wsishcd every week. All windows, all 
wood, stone, or metal fixtures, and all painted surfaces 
must be kept clean. All solid or liquid filth or refflse 
must be i-emoved from^vcry room every day, and all 
receptacles thereof cleansed, (t) Keeping of animals. 
—No animal must be kept upon the premises in such 
manner as to render the premises filthy, (j) Water 
storage.—All cisterns for storing water must be kept 
clean, (k) Ventilation.—The landlord must maintain 
in efficient order the means of ventilation of all parts 
of the house. (1) Annual deansing of premises ,— 

• If the bye-hWi reipectlfig new etreete and building are not In force 
mthedla^t, thoae of ^em which refer to the conitroetion of lOoieta 
may be Ini^uced here. 
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Every year, in the month of . the landlord must 

cleanse every part of the premises, and whitewash 
the ceilings and walls throughout the house, except 
surfaces to which limewashing may be unsuitable, 
and these must be cleansed and, if necessary, painted, 
(m) Yard and open epaoea .—The yard and all open 
spaces must be kept clean and in good order. The 
yard must have a bard, impervious pavement laid 
upon concrete, and sloped to a channel leading to a 
trapped gulley grating; all these must be kept in repair 
by^he landlord. («) Ventilation of deeping-rooma ,— 
The window of every sleeping-room shall be kept open 
for an hour in the forenoon and an hour in the after¬ 
noon, except in case of stress of weather, or occupation 
of the room by a sick person, or other sufScient reason, 
(o) Infectious diseases .—The tenant must immedi¬ 
ately give written notice to the K.O.K. if he learns 
that any person in the house is ill of an infections 
disease., A lodger must immediately give written 
notice to the K.O.K., and verbal or written notice 
to every lodger in the house, if he has reason to 
believe that any occupant of any room is ill of an 
infectious disease. Where a Justice’s order has been 
obtained for the removal to $ hospital of a person 
suffering from any dangerous infectious disease, both 
the tenant and the lodger in whose tenement such 
si» person is shall. t^e such steps as may be 
requisite on their respective' parts for the safe and 
prompt removal of such pei-son; and shall adopt 
all such precautions as may be most suitable, in 
aooordance with any instructions of the V.O.K. 

Where a duty imposed upon or a prohibition 
applied to the landlord or tenant of a lodging-hoose 
is by any bye-law expressly imposed or applied sub¬ 
ject to the provisions of these, bye-laws, proceedings 
shall not be. taken against the landlord or tenant 
for an offence against the bye-law unless and Until 
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the landlord or tenant, after service upon him of a 
notice in writing from the Council, signed by the 
or clerk of the Authority, requiring him 
within a reasonable time specified in the notice to 
comply with the bye-law, has failed to comply with the 
bye-law within that time. 

The landlord is made responsible for the structural 
repair of every part of the premises, for thi efficiency 
of the closets and of the means of ventilation, for the 
annual cleansing, and for the detailed cleansuig of all 
parts (including yards, closets, staircases, and passages) 
which are not let for the sole use of one tenant. The 
tenant or lodger is responsible for the cleanliness 
and management of the rooms rented by him, and 
of all other parts of the premises of which he has 
the sole use. 

7. Cemeteries, (a) —A “grave” is 

defined as a bbrial-place formed id the ground by 
excavation, and without any internal wall of brick¬ 
work or stonework, or any other artificial lining. A 
“ vault ” is an underground burial-place of any other 
construction. ■ (6) Faulto.—Every vault shall be en¬ 
closed with walla of brick or stone, solidly put together 
with good mortar or cement, (c) Common gravel .— 
Not more than one body shall te buried at any one 
time in a grave in respect of which no exclusive right 
of burial has been granted. (Exception is made in 
the case of two or more*members of the same family.) 
Such a grave shall not be reopened for the purp<m 
of a further borial within eight years after the buiial 
of a person aged less than 12 years, nor within 
fourteen years after the burial of a person a^ more 
than 14/years. (Exception is made in the case of 
members of the same family.) (cf) Minimum covenng 
'aor(A-r—No part of a coffin shall be buried af .8^ 
leM dqbth tiaan 3 ft. below the ground o^joinii^ we 
grave) .if it contains the body of a person aged less 
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than 12 yeara; nor at a less depth than 4 ft. 
if the age of the deceased was over 12 years. A 
layer of earth, not less’ than 1 ft. in thickness, 
shall be interposed between every cofiSn and the coffin 
nearest to it. (e) Clomre of vaults .—A coflin buried 
in a vault shall, within twenty-four hours after burial, 
be wholly and permanently embedded in and covei-ed 
with good ^ement concrete, not less in any part than 
6 in. in thickness; or wholly and permanently en¬ 
closed in a separate cell, constructed of slate or Hag, 
not less than 2 in. thick, and jointed in cement, 
or of brick in cement, and in such manner as to pre¬ 
vent as fai; as practicable the escape of noxious gas. 

8. Mortuaries.—The only provisions of sanitary 
importance suggested in this series are the following ; 
A body deposited in the mortuary shall bo re¬ 
moved therefrom for interment within.days 

after death; but .if the deceased hasidied of an in¬ 
fectious disease, the body shall be removed for inter¬ 
ment within.days after death. 

A li.Q.B. Memorandum makes the following 
general suggestions in regard to construction and 
management:— 

The buildings should be isolated and unobtrusive, 
but substantial, structures of brick or stone. Every 
chamber for the reception of corpses should be on the 
groiyid floor. In addition to such chamber there 
should be a waiting-room, a caretaker’s house, and a 
shed or outhouse. Every mortuary chamber should 
be lofty, and there should be a ceiling or a double 
roof, with an intervening space of 8 in., for the sake 
of coolness. The area should be sufficient to allow 
freedom of movement between the slabs. The win¬ 
dows should be on the north side, if practicable; if 
otherwise, they should have external louvre blinds. 
Louvres, or aiiv gratings, under the eaves will be the 
best means of ventilatioa The pavement must be 
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even and close, and a cement 6oor is preferable. 
The slabs should be of slatQ, and 2| ft. to 3 ft. from 
the door. Water should be laid on within the cham> 
her. The walls and ceiling should be whitewashed, 
and the outside of the roof also whitened. There 
should be at least two chambers, one of which may 
be reserved for bodies of persons who have died of 
infectious disease. •* 

There should be a resident caretaker, and bodies 
should be received at any hour of the day or night. 
A register should bo kept. 

9. Offensive trades. —The odensive trades in 
regard to which Model Bye-laws have been issued by 
the L.&B. HYG those of— 


Blood-boiler. 

Bone-boiler. 

FollmoDRer. 

Soap-boilor. , 

Tallow-molter 

'jSripo-boilor. 

Blood-drier. 


Ltjather-dreaser. 

Tanner. 

Fat-meltor or extractor. 
Gluo-ipaker. 

Size-maker. 

Gut-scraper. 


Of these the first six only arc specifically mentioned 
in 8. 112 of the Public Health Act, the rest 
)>eing exaraples of “other offensive trades.”* The 
same general provisions appear in all, with numerous 
additions or variations as required by the conditions 
of the particular trade in question. ^ 

The summary on pp. 728-9 will show their geneml 
character. * 


• A blood-hoiUf boiU blood or treats It witli steaia aad prepares it for 
manure inauufacture by reducing It to ^wder in l‘«ted driers. A 
extracts ftt and gelatin from bones by boiling undw pre^r^ 
The feU-moMer prepares dry orftosh skins for 
skins are beaten vmUi a inaflet, then soaked In water and milk of lime, 
»ner wlilch the hatr or wool la plucked off. Fat. tallow, oil, ete., father 
with alkali solutions (K or 1^) termed “ W are !^,rn£: 

huUtr preparatory to soap manutaoture. is * simitar 

process oftreating rendered tat without aljulta pe lijl^W [* nm ®“ 
itito barrels. A tripe-boiler clcatw aud boUs the stomacU of the o* Cf 
■‘heep, and prepares It for human food. Other offenslye ^*1®* 
nuch processes as involve tho collection or treatment of large nuantiwci 
of animal raatteror substanceslikely to become a nuisance 
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(i.) Storage of offensive Materials not 

required for 'immediate' use or treatment shall be 
so stored as to prevent effluvium. (ii.) Offensive 
vapowrs omitted during boiling, melting, etc. The 
best practicable means shall be adopted for render¬ 
ing such vapours innocuous. The vapour shall either 
(a) be discharged into the external air in such 
a maniiei* and at such a height as to admit of its 
dift'usion without noxious or injurious effects, or (6) 
shall be passed directly from the pan, etc., through a 
tirp, or (c) into a condensing apparatus, or (d) through 
a condensing apparatus and then through a fire, in 
such manner as effectually to consume the vapour 
or deprive it of all noxious or injurious properties, 
(iil) Drainage must bo kept in efficient order. Bone- 
boilers are required to cool all hot liquid refuse before 
passing it into any drain, (iv.) Floors must l)e kept 
in good order sd as to prevent the absorption of flltii. 
In respect of several trades it is requir^ that at the 
close of every working-day "the floors shall be swept 
(e.g. tanner’s, leather-dresser’s) or washed (blood- 
drier’s, etc.) or scraped, or otherwise cleansed. All 
refuse collected by sweeping or scraping shall be 
forthwith removed from the premises in covered 
receptacles, unless intended to be forthwith subjected 
to further trade processes on the premisea (v.) Walls 
slttdl be kept in good order so as to prevent the 
absorption of filth, and, if i necessary, be scraped. 
Limewashing of walls and ceiling twice yairly is 
requiti^ in regard to certfdb ti^es—fellinongei’s, 
for example, (vi.) Apparatvu, including all im¬ 
plements and vessels, to be kept clean ; daily 
oteansing is required in some cases, (vii.) Waste lime 
(feUmon^r’s, tanner’s) must be removed at once, 
mid undm close cover, (viii.) Tunis used by fell- 
mongers for’washing or soaking skins shall be emptied 
aiid cleansed as often dk ijpeffssary to prevent efflavia. 
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(ix.) Free aooesa for the purpose o£ inspection shall at 
all reasonable times be aiforded to" the M.O.K., 
Inspector of Nuisances, Surveyor, or any committee 
specially appointed by the S.A. on that behalf. 

10. Hop-pickers, (a) Application, —^These bye-laws 
apply to all tents, sheds, barns, or other places 
occupied as temimrary dwellings by hop-pickers, but 
not to places inhabited throughout thtf’year. (6) 
HabitahU condition. —Such temporary habitations are 
required to be clean, dry, weatherproof, and to be 
ventilated and lighted, (c) CUmt accoinnwdalion .— 
There must be adequate privy accommodation for the 
separate use of each sex. {d) Water. —There must 
be a sufficient supply of good water for drinking, 
cooking, and washing, (e) CooMng.—There must be 
a separate cooking-place for every fifteen persons 
authorized to be received. (/) Area. —An average 
Hoor-space of *15 sq. ft. must be’allowed for each 
occupant, but two children under 10 years of age 
may be counted as one adult, (y) Bedding. —Clean 
straw or other suitable material must be supplied for 
bedding, and renewed as required. The beds must 
be screened oS in places occupied by adults of differ¬ 
ent sexes. (h) Clearuing. —Tlie premises and appoint¬ 
ments must be thoroughly cleansed immediately before 
occupation, the internal surfaces limewashed, and all 
offensive accumidations cleared away. The cleaning 
must be repeated as required from time to time 
during the period of occupation. 

(Similar bye-laws may be made in respect of the 
accommodation of persons engaged in picking fruit or 
vegetables.) 

11. Means of escape from fire, in factories 
and workshops. —Buildings of more than one storey 
must, if . any part above the ground floor is used as 
a factory or workshop, have adequate fixed stairs 
(with handrails), lighted, and giving free access 
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fexim every such part to the ground floor, and, 
where practicable, to an open space outside. In 
new factories or workshops, buildings, and buildings 
newly altered structurally for that purpose, the stairs 
must be of fire-resisting material, e.g. brick, stone, 
concrete, iron, steel, copper, hard timber (oak, teak), 
or timber rendered uninflammable. 

If any, floor over 30 ft. from the ground is 
used as a factory or workshop, and either more than 
ten persons are employed, or readily inflammable 
materials are stored, there must, in addition, be 
(1) "an external fire-resisting stairoase, or (2) an 
efficient fire-escape, or (3) ready access to the roof, 
and, where practicable, to the roof of an adjoining 
building. The window or door leading to (1), (2), or 
(3) must be distinctively marked. 

Every room (of a factory or workshop) in which 
persons are habitually employed muatrhave at least 
one window (distinctively marked if there be others) 
opening easily at the sill level to an extent allowing 
easy escape. 

12. Prevention of waste of water.— These bye¬ 
laws relate to (a) the composition of the pipes to be 
used for the conveyance and distribution of water; 
(6) the protection of the pipes j (o) the provision of 
suitable stopcocks, taps, cocks, and valves; (d) cis¬ 
tern^ hot-water apparatus, baths, and lavatory basins 
and overflow pipes; (s) flushing ;ipparatus for water- 
closets and urinals; and (/) the use of automatic 
flushing apparatus, hoses, etc. 
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Population. —A census has been taken dcjcennially 
since 1801, and gives detailed inforniation*regai'ding 
:!ach county, union, registration district and sub- 
district, and urban district The chief data are : (1) 
the total number of inhabifcuits in each area, (2) their 
ige, (3) sex, (4) occupation, (5) condition as to mar¬ 
riage, (6) birthplace, (7) nationality, etc. Tlie day 
ixed is usually the last day of the lirst quarter of the 
jrear. The census for 1911 for England and Wales 
yielded a population of 36,070,492. The estimated 
aopulation in 1916 was 36,250,000, 

The official estimate of population at the middle 
>l any year is made by assuming that increase or 
lecrease has gone on since the last census at exactly 
.he same rate as between that and the previous 
:ensu8, at geometrical progression. 

If =r the population in any given year, and r = 
lie factor of annual increase, then in one year the 
lopulation will become f>+r, in two yeaisp-)-»•*, and 
n n years p+r". 

Given a census population of ,v in 1901, and /in 
911, tho rate of decennial increase is that of annual 

ncrease and that of quarterly increase Vr- 
lence— 

log. y — log. X = log. rate of decennial increase, 
j log. y -m log, 

ana-——2~i-=log. rate of annual increase, 

j Itw. y — log. X 

™ ’ io X 4 —~1®8- of quarterly increase. 

7? I 
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Thus the logarithm of the estimated mid-year popula¬ 
tion for 1911 is, log. y + " fo 1918, 

, , log. y-log. * , „ log. y-log.* 

y + ■' + ^ “15 

The following calculation of the mid-year 1913 
population* from census data of 1901 and 1911 may 
serve as an example :— 

(«) The census population of 1911 watt 100,970; 

" log. 100,970 = 

(^) The census population of 1901 was 87,842; 

log. 87,842 = 

(«) By subtraction, the logarithm of decmnial 
increase was, thoreforo .... 

{d) Dividing by 10, tho log. of annual increase 

is obtained.= 

{e) Again dividi^ by 4, tho log. of quarterly 
increase is ootained 

(/) Adding together log. 1911 census population 
(d), and log. quarterly increase (^), and 
four times log. annual increase (cf), we get 
the log. of 1916 mid*year popuktion . s= 


And on referring to the tables, the number corre¬ 
sponding to this logarithm is found to be 107,128. 


The factors given by the Bogistraf-General 
subsequent years are as follows:^ 

for 1911 and 

1911 . 

. 0^02634780 

1916 . 

0'66787019 

1912 . 

. 0*13242746 

19f> . 

0-97968101 

1913 . 

. 0-23960799 

1918 . 

0-79244797 

1914 . 

. 0*34700096 

1910 . 

0*90648664 

1916. . 

. 0-46731830 

1920 . 

1-92170833 


** llie population of any district at the middle of any year 
1911-192018 oaloulated bv adding totl^ population numerated 
in 1911 the product of the increase of population in the last 
intercensal period and the factor for the ^ear in the above 
•eri^. In the casd of a decreasing population the product of 
the intercensal oeorease muitiplied by the factor should^ be de* 
duoted'lroih the ^pulatioa enuinefetM in l9n.*' 


I 6 0041924 
I 4-94.37022 
I 0 0604902 
I 0-0060490 

I 0-0016122 

I 6-0299017 
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There are obvious limitations to the value of such an 
estimate. The rate of increase is not the same in the centre of 
a town as in the growing suburbs. Now houses are springing 
up and becoming inhabited in the latter, apart from the 
“ natural increase ” by excess of births over deaths; while in 
the former there may even be an actual decrease of population, 
owing to the ^splacement of dwddings by business promises. 

If the estimate is very wide of the mark, some indication of 
this may be given by an apparently excessively high or low 
birth-rate and death-rate; bv the number of inhadit^ houses,* 
08 ascertained from the rate-books or other souroos; by returns 
of those who by migration have evaded vaccination; by returns 
of school attendance; or by inference from the oondition of the 
local industries. In villages, where the local conditions are 
well known, a better estimate can sometimes be made from 
such data than from calculations hised upon a remote census. 

The aetuai inerMS9 is dependent upon the balance between 
births and immigration on the one hand, and deaths and 
emigration on the other. The excess of births over deaths is 
termed the notural inereate. As re^rds towns, the Mtml 
is, upon the average, greater than the natural increase, since 
there is a tenden^ to migration from rural to urban dis^cts. 
In times of depr^ioa of local trade there is emigration to 
other districts; whereas, when trade is flourishing, labour is 
attracted from rural districts and from other towns. 

The age-distribution of a population is ascertained 
by each census, and may be assumed to remain con¬ 
stant until tlie next census; that is, the rate of increase 
is assumed to be uniform at all ages. There are, 
however, very material differences among towns, and 
between town and country, in this respect, and as the 
tendency to death is* much greater among the very 
young and very old, it becomes important to allow for 
tbeae variations in drawing inferences from death-rates 
as to the health conditions of a community. Owing 
to the immigration of young adults from rural districts, 
town populations almost tdwaya contain a lai^r pro¬ 
portion of persons between 15 and 45 than is found 

• Ths svwftfls number of porsone pM inhabited bouse ll fkWy CMStwit 
for eaah locsHty, though vw^ng considerably in different toww. a^ra. 
ing to toe proportion of ‘‘tenement honses” and lionsse occupied ojf one 
fMsily, , 
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in the country at large; and hence a higher birth-rate 
and (under equal health conditions) a lower death-rate 
are to be expected a priori. 

Births must, according to the Notification of Births 
Extension Act, 1916, be notified within 36 hours. 
This applies to every child born after the twenty- 
eighth week of pregnancy, whether alive or dead. 

More inales than females are born, in the pro¬ 
portion of nearly 104 to 100, but this excess is 
diminishing. Owing to the higher death-rate among 
males, the survivors of tlie two sexes are nearly 
equal in number at the end of the first year of life, 
and thenceforward the females are in the majority. 
Stillbirths, which Parr estimated at 4 per cent, of 
the total births, are now included in the notification 
returns. 

The birth-rate^ is the proportion o/ births in one 
year per 1,000 persons living; that is— 

No. of births in the year ^ ^ 
mid-year population 

For shorter periods, such as quarters or weeks, the 
rate is calculated on the assumption that the like 
periods throughout the year would yield the same 

proportion; so that the birth-rate during *th part 


of a year is— 

jfo. of Wrtbs during the perio d in question 
mid-yaar population 


X X % 1 , 000 . 


For ordinary purposes it is sufficient to regard the year as 
consisting of 366 days, or 32 weeks; but it greater precision 
is required, the astronomical year may be used—namely, 365'24 
days, or 62*177 weeks. 


The English birth-rate, which was 35*4 in 187,1-80 
and 36*3 in 1876, is declining, and was only 21*6 
in 1916 (785,454 births in England and Wales). It 
is higher in towM, and in times of prosperity; lower 
in rural districts, and in tirngp of depression of trade. 
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This crtf(U hirth~rate is calculated on the total population at 
all ages. But other bases of calculation would he—(o) female 
population of child-bearing ago, 15-46 years (fertUily-raU ); 
(i) population of fertile women who are married, 16-45 years 
(Uffiiimaffi fertility-rate) ; (r) unmarried and widowed female 
population, 16-45 years [illegitimate fertiUty-rate). The ratio 
of births is dependent on the proportion of these groups of 
females to the total population, on the average age of married 
women, and on the prevalence or otherwise o^> methods of 
deliborate restriction of child-l)oaring. Fertility varies in dif¬ 
ferent parts of the country. tUegitimaey (about 4 per cent, 
of total births) is usually stated in the form of the proportion 
of illegitimate births, cither to total births, to total population, 
or per 1,000 of unmarried and widowed females aged 16-46 
years. The mean annual rate of increaee of the population is 
the difference botwoon the means of birth- and death-rate. 
In 1876-80 it was 14‘6 per 1,000; in 1914 it had fallen to 
9-8 per 1,000 living. 

Deaths must, according to the Bii-ths and Deaths 
Registration Act, 1874, be registered within five days. 

Death-rates are calculated in the same way as 
birth-rates. The death-rate in England and Wales 
declined from 22'4 in 1851-70 to 18-2 in 1891-1900, 
IG’O in 1901-5; 14’4 in 1906-10, and 14'0 in 1916, 
when the annual total of deaths was 508,227. Txmal 
death-rates require certain corrections, as below, in 
Order to render them comparable with that of the 
whole country. The forms of death-rate which must 
be considered in estimating the health of a com¬ 
munity are— {a) the crude death-rate, (6) the crude 
death-rate corrected f<p' residents and non-r-esidents, 
(o) the corrected or standardized death-rate, (d) the 
comparative mortality figure, (e) the infant-mortality 
rate, (/) the zymotic death-rate, (y) the death-rate 
of special diseases, end (h) the expectation of life, 
probable duration of life, and the mean age at death. 
Particulars respecting these returns will now be 
given. 

Correction for non-restdhnts. —The deaths of 
strangers who happen to die in the district should be 
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excluded. Without this correction the true rate may 
be seriously overstated if fche district contains large 
institutions admitting non-residents. Similarly) the 
deaths of residents dying outside the district E^ould 
be included. 

Correction for age- and sex-distribution is made, 
indirectly^ by a “factor” obtained as below, which 
is greater *than unity in nearly all towns, and less 
than unity in rural districts. Multiplying the local 
death-rate by the factor, the corrected death- 

rat% is obtained. This is more accurately described 
as the standardized deaik-ra4,e. It may also lie 
calculated by a “direct” method. 


For a locality it is tho death-rato lor tho wholo coun^, 
i-ecalculatod on the basis of the loe(U age and sex distribution, 
and may be found as follows. The age- and sex-distribu¬ 
tion per million of both 1 (k»1 and general population are 
separately determined from census data. 'I^e recorded death^l 
(in the whole country) are distributed in the same ^ou^, 
and the number of deaths in each group corrected in me 
proportion*of the local to the general population at those ages, 
if, for example, the males living at a given group of ages arc 
X per million of the local population and y per million of that of 
the whole country, and the male deaths (in the wholo country) 
at those ages are m, the corrected number of deatlui is m x 
Adding together all the corrected numbers we have a cotrocw 
total a, difleriug from tho recorded total b (of deaths in the 
wholo country), and representing the deaths which wou^ have 
oocfirr^ had the age- and sex-distribntion been the same 

« that of the locality. population o*) whTe ooont i^ 

ia the itmdard death-ratt for the locality. The 
death-rate of whole oountiy ... . , .. _, ■ 

— ■ — 5 —5-!—!-5—Tv—factof Sought, and is 
standard local death-rate ^ 

eqnal-to*' 

The comparative morbidity figure for the district 
is— 

ooar^led local death-rate 


deaUi-rate for the .whole^wuntry 


X 1,000. 
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It is used for comparing the standardized death-rate 
of any given area with the death-rate for the whole 
country, and for comparative purposes in occupational 
mortality. 

Urban death-rates are higher than rural, and 
the correction for age- and sex-distribution increases 
the inequality. The causes of this are complex, and 
include differences of occupation and mcde of life, 
and the direct and indirect consequences of aggre¬ 
gation of impulation. Ogle found that in 1871-80 
the death-rates of districts increased with the demiiy 
of population, if exceeding 400 per square mile, but 
below that point the influence was not apparent. (The 
average density for England and Wales exceeds 500 
per square mile, or 0-8 per acre.) Parr concluded 
that, other things being equal, urban death-rates vary 
!vs the twelfth root of the density; but this rule is 
of limited practical application, since many variable 
conditions are involved, and notably the degree of 
crowding of rooms. New.sholrae showed that in 1889 
the death-rate among the 30,000 inhabitants of Pea¬ 
body Buildings (density, 7.50 per acre) was lower 
than that of Ixmdon generally (average density, 49 
per acre). 

The death-rate is diminishing in Imtli urban and 
rural districts, but more rapidly in the former than 
in the latter. • 

The death-rate atiiqug males is higher than among 
females, subject, however, to exceptions at certain 
age-periods, notably 10-20, as Appendix I. shows. 
Both are decreasing, but the saving of life is chUfljt 
oBected in the earlier age periods, and is less con¬ 
spicuous at ages over 40, owing, perhaps, lawtly to 
the increasing wear and tear of modem life, and 
partly to the more frequent survival of weakly 
persons at middle life who tinder former OODditioas 
would have died in youth. In both sexes the 



738 


VITAL STATISTICS 


[chap. 


tendency to death is high in infancy, reaches its mini- 
inuni in the 10-16-year ^e-period, and afterwards 
increases steadily tlu'oiigbout life. 

Infant moi'taUty is calculated upon the birth-returns, which 
are precise and free from many of the errors attendant upon 
Mtimates. The formula is— 


deaths of children under 1 \'ear , 

.-.-n—j-c-z*v- - — X 

«> registered births 


Infiienec of the birth-rate upon the death-rate. —Other things 
being equal, a high birth-rate in a given year would theoi'eticalTy 
increase the dcmtb-rate, since the morality among the newly 
bom is much ^eater than that of the population generally. 
But a high birth-rate implies (a) a huge proportion of persona 
at the ropiroductive ages, and in a few years (d) a new popu¬ 
lation of children and young adults, since under the most 
adverao conditions a large majority of the infants survive. 
Ihe mortality x mong both classes (a) and {b) is low, and more 
than bahinces the higher moiiality in the first year or two of 
life. (Farr.) 

/ymolie death-rate is a term formerly applied to the aggre- 
gite death-rate from the *' seven principal symotic diseases ’’ 
—smallTOjE, measles, scarlet fever, diphtheria, whooping-cough, 
fever ” (typhus, simple continued, and enteric), and diarrhoea. 
It is liable to great fluctuation, according to the epidemic 
prevalence of one or other of the diseases incliidod. 


Cause of death.—Thedoatli-n^turns obtained from 
the registrari? aTO copied from ^he certificates siguecl 
by medical practitioners or coroners. Very com¬ 
monly two or more causes are assigned—one being 
regarded as “ primary ” and the other as ‘‘ secondary." 
As only one cause in each cuse can be accepted for 
statistical purposes, preference should be given to 
(1) infective or specific diseases, and (2) primary ns 
compared with secondary causes. 

Progrearive changfes arc noticeable, in regard to the death- 
rate from certain well-defined dimses, in the direction of 
increase or decrease. It may extend to all ages, or be more 
or less limited to pertain periods of life. The change does 
not necessaril)’ affect both sexes alike—phthisis, for example, 
having decreased much more raoidly among females than 
among males ^ 
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Decrease is manilost in the mortality from smallpox, Moarlet 
fever, diarrhcea, typhus, enteric fever, phthisis, convulsions, 
croup, diseases of the digestive system, and diseases of 
jiarttirition; also from “ ilhdefinod causes.” As regards 
the first five, the reduction is leal, and attributable in 
great part to improved mcMures of precaution and sanita¬ 
tion. Phthisis Ims been greatly lessened, but there has 
probably l)een some transfer of cases by improved diagnosis 
fi-om phthisis to other respiratory diseases, better diagnosis 
and 1)ctter certifictiiion are resimnsible for thea^adual dis¬ 
appearance of “ croup,” “ convulsions,” and “ simple continued 
fever,” and also, of course, for the lessened total of “ill- 
defined diseases” 

On tile other hand, there is a distinct increase in the 
mortality attributed to cancer, diabetes, and diseases of the 
nervous and urinary systems. 

The cancer death-rate in 1861-70 was 387 per million, in 
1871-80 473, in 1881-90 689, in 1891-1900 758, in 1906-10 
939,and in 1915 1121 (39,847 deaths); certain areas yielded 
oxceptioiially high rates. Age-distribution of population is 
important in this connexion, since the mortality is chiefly at 
ag^ over 36. Cs^cer mortalitv is highei;among women than 
men. The increase is partly due to improved diagnosis, and 
to inclusion of forms of malignant disease not previously 
grouped with cancer. Diagnosis is more accurate m females 
than males, in middle age than old age, and in largo towns 
than rural districts. Cancer mortality among males arises 
chiefly from disease in the stomach and alimentary system, 
among females from disease in the uterus, breasr, stomach 
and luimentarv system. The age-incidence is steadily rising. 
Recent researciies in this country, while showing a wider range 
among lower animals than had been suspected {Baehfor(f)y have 
not confirmed suggestion that cancer is an infective 
disease due to a micro-organism. Instanoos are met with of 
repeated occurrence of the disease in “ cancer houses,” but 
little is known of dependence upon dietetic or other causes, and 
no special preventive m^ures are in force. 

Deaths due to protracted sequelee of acute specific diseases 
are usually credited to the i^'ondary and not to the tone 
primary cause. It will be found that the mortality from bion- 
eUtis and pneumonia is increased by outbreaks of influenza, 
whooping-cough, and measles, and scarlet-fever prevalence is 
followed by deaths referred merely to kidney diseases. 

Sex has an important bearing upon the mortality 
from certain dieeases, owing partly to dififerenoea in 
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constitutional predisposition, and partly to exposure 
to the conditions favourable or unfavourable to the 
development of the diseases in question. The male 
mortality exceeds the female in most well-defined 
diseases or groups of diseases, but there are im¬ 
portant exceptions, such as diphtheria, whooping- 
cough, erjsipelas, rheumatism, cancer, and ansemia 
(includingvcblorosis and pernicious aniemia). 

Age materially affects the average liability to 
certain diseases, by reason of physiological changes, 
acquired protection, and degree of exposure. Vac¬ 
cination completely alters the age-curve in small- 
)>ox. In -all protective diseases the accumulation of 
protected survivors must be allowed for before any 
lessened average susceptibility at higher ages can be 
inferred. The maximum mortality from smallpox, 
whooping-cough, erysipelas, and diarrhoea occurs in the 
1st year of life, from measles in the 2hd, from scarlet 
fever in the 3rd, and from diphtheria in the 4th. A 
second maximum follows in smallpox about the 25th 
year; and from about the same point diarrhoea mor¬ 
tality again rises until the end of life Phthisis is at 
its minimum from the 5th to the 10th year, increases 
up to the 43th, and afterwards diminishes. Cancer 
mortality is small in the earlie^years, but increases 
rapidly from about the 25th year to the end of life. 
Th» single curve, with a minimum from the IQth to 
the 16th year, which is chawcteristic of the total 
death-rate, is common also to the mortality from ner¬ 
vous, respiratory, digestive, and urinary diseases, and 
violence; diseases of the circulatory system increase 
steadily in mortality from birth to the end of life. The 
varying influence of age is seen even m infancy. 

The true influence of eex and age cannot he aecertaiued by 
returns of mortality The mete number of deaths at each 

age-period conveys littlo information, since the numbers living 
diminish as age advances. Even death-rates tor each group 
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tell only of the liability to death, but nothing aa to the incidence 
of eickneee or the chance of recovery. Aa rogoi-ds notifiable 
dishes, however, statistics of attacks as well as deaths are 
available. The vaiiations in incidence and in severity, accord¬ 
ing to age and sex, are not always parallel, and indeed are 
often inverse, as in scarlet fever and enteric fever. From 
the number of persons living, of each sex and at each age- 
period, it is mssible lo calculate, for etich sub-group, (1) the 
ineidence of aisease, that is, the lUorfddUj/'raie, ughtek-rate' or 
proportion of attacks to population, and (H) the case-mortality, 
or proportion of deaths to attacks. Evidence as to incidenrro 
of disease at different ages can bo obtained from notifica¬ 
tion returns, but hospital statistics are misleading, since ago 
materially affects the chances of removal to hospital. As 
regards case-mortality, however, both hospital and notification 
data may be admittcri 

The registration of sickness, a« distinct from 
the bills of mortality, is now in considerable measure 
practicable owing to (a) the compulsory iiotiBcation 
of infectious djseases under the EJ^rtension Act of 
1899 and the Public Health (London) Act, 1891, (6) 
the notification of six industrial poisonings under the 
factory Acts (see p. 682), (e) the medical inspection 
of school children (see p. 252), and (d) the National 
Insurance Act (see p. 650). Special attention is also 
being given to venereal disease, mental deficiency, 
epilepsy, and the causes of infant and child mortality. 

Statisitcai evidence of the health of com- 
manitles. —The usual criteria are either actual 
death-rates (general, “zymotic,” or infant mortalfty, 
etc.), sickness-rates, or figures representing the average 
longevity—namely, “expectation of life,” “probable 
duration of life,” “mean age at death." 

The standardized death-rate nfibrds a simple and, 
in the main, accurate measure of the comparative 
prevalence of disease. It is untrustworthy if the 
figures are so small as to bo exposed to violent 
fluctuations; thus, the “ weekly death-rate ” is only 
useful in large communities. Other souices of error 
are (i.) uncertainty as to population, and (ii.) severe 
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epidemics, which may have no definite relation to 
impaired public health in general. 

A high death-rate from enteric fever, diphtheria, 
or diarrhoea may in general fairly be taken to imply 
a defective sanitary state; but may also be duo to 
temporary and accidental causes, such as climatic 
conditions ^ or accidental contamination of milk or 
water. Liitle is known of the determining causes of 
epidemics of smallpox, measles, whooping-cough, and 
scarlet fever; but their predisposing causes are ail 
widely different, and are for the most part not 
affected by “ sanitary conditions.” The death-rate due 
to such a fieterogeneous group as that of the “ principal 
symotic diseases ” connotes nothing as to the health 
condition of the community in other respects. 

Infant mortality is the most sensitive index of the 
health of a community, partly because (1) of the frailty 
of infant life, (2) a variety of factors arc involved, (3) 
many of ^hese factors are social and peraonal as well 
as environmental A high infant mortality implies 
an incieased death-rat<! op to 5 years of age, and 
a high prevalence of the conditions which determine 
national physical inferiority. It is higher in urban 
districts than in rural, among ,illegitimato children, 
in the first trimester of life than in any other tri¬ 
mester, and among male children j and it is usually 
highest in the third quarter of the year (epidemic 
diarrhoea), particularly in di^, hot summers. In 
1915 the infant mortality-rate per 1,000 births in 
urban and rural districts was as follows :— 


Area (1916). 


LooUoii .... 
County borouttlui . » 

Other urban dlatriotR . 
Rural dUtriets 
AU areas 


North. 

Mid* I 

LANDS. 

1 

1 Sooth. 

Walm. 

Snu. a 
Walks. 

_ 


112 


112 

181 

116 

' 04 

114 

122 

120 

100 

' 87 

120 

107 

106 

84 

78 

97 

90 

184 

102 

99 

112 

no 

• 


; 1 
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About one-fifth of the total deaths jot infants 
occur in the first week of life. The chief diseases 
responsible for a high infant mortality are (a) prema¬ 
ture birth and congenital defects; (6) atrophy, debility, 
and marasmus; (c) convulsions; (a) diarihreal diseases 
(between 5 and 10 months and due to food causes); 
(«) measles and whooping-cough; and (/) hroncliitis 
and pncumunia (due chiefly to exposure 46 cold and 
unequable temperaturos). Among the prenatal, natal, 
and postnatal conditions contributing to infant mor¬ 
tality are the iige and health of the mother, lack of 
skilled aid at childbirth, poveidy and urban condi¬ 
tions, the industrial employment of women, domestic 
insanitation and uncleanliness (accentuated in hot, 
dry summers), maternal ignorance and mismanage¬ 
ment (including inappropriate artificial feeding). 
The Registrar-General has shown (1911) that infant 
mortality varies in accordance with social class. In 
the upper and middle class it was 7(5'4 per 1,000 
(for medical practitioners 39); in the wage-earning 
clas.s, 133'5; and in tin and salt minei'S, factory 
labourers, scavengers, costers, etc., upwards of 190 
per 1,000. The average in 1911 was 130 per 1,000 
births. Breast feeding is a natural protection against 
infant mortality. In Edition to the general improve¬ 
ment of sanitation, housing, milk supply, wages, and 
social conditions, the means of prevention obviously 
include good health> of the mother, skilful aid at 
birth, sound and enlightened infant care and manage¬ 
ment, the prevention of measles, diarrhoea, and other 
infantile maladies, breast-feeding, and cleanliness in 
all res)iects. Towards these ends the early notifica¬ 
tion of births, efiective midwifery, domestic and 
municipal sanitation, and the education of eider girls 
and mothers in infant management are valuable 
means. The increasing application of these means 
is no doirbt largely responsible fur the marked decline 
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in infant • mortality which has occurred in recent 
years. 


England and Walks. 

TaONDON. 



Uirth^ 

Doha- 

bijiiht 

Birth- 

Death- 

Infant 


mU 

rate 

mrt'litu 

rate 

nite 

mok’fitjf 

188I-186ta 

34-1 

22-2 

154 

33*6 

23'7 

155 

1861-1870 

36-2 

22-d 

l.>4 

35-4 

24*4 

1G2 

1871-1880 

3.V4 

21-4 

140 

35-4 

22'6 

158 

1881-1890 

321 

19-1 

142 

33-2 

20-5 

152 

1891-1900 

29*9 

18-2 

153 

30*2 

19-6 

100 " 

1951-1910 

•t7'2 

15*4 

128 

27‘5 

16-7 

126 


In 191<i the infant-iiiurtality rate for England 
and Wales was 91, against 132 in 190U; and for 
London, b9—both the lowest recorded. A sub¬ 
stantial decline in infant mortality has occuri-ed in 
the last ton or t*elve years, mainly during the last 
nine months of infancy, and due laigely to improved 
local sanitary conditions and better' nursing and infant 
management. 

A high phthisis death-rate may be due to damp¬ 
ness of soil, unhealthy occupations, or overcrowding 
of dwellings. The death-rate from respiratory diseases 
(other than phthisis) is also important. 

The mean age at death is obtained by adding up 
the ages and dividing by the number of deaths. It is 
controlled by the birth-rate, aisil by the age-distribu¬ 
tion of the population. A large proportion of infant 
deaths must necessarily reduce the average age at 
death. 

The probable duration of life is the age at whidh 
exactly half of any given number of children born 
will have died. It can only be ascertained from a 
life-table, and is of no great value. The probable 
duration of life fbr males is about 53, and for females 
58 years. 
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The expectation of life, at any age, is the average 
number of years which a persdn at that age will 
live, as shown by a life-table The expectation of 
life at age 0 (Le. at birth) is also known as the mean 
duration of life* At other ages than the time of 
birth it is sometimes termed mean after-lfetime, and 
the present age plus the mean after-lifetime js the age 
to which a person may expect to survive. * 

The exj»ectation of life is the true measure of the 
vitality of a community. The exiiectation at birth 
is the most convenient for comparative purposes, 
but if necessary we can eliminate the influence ol 
infant mortality by taking the exiiectation of life at a 
later ago. 

A life-table shows how many, out of a million 
persons supposed to be born simultaneously, will 
survive at the end of each year or each term of years. 
The data required ai'e (1) a census impulation—that 
is, a population of which the distribution according 
to ages and sexes is known; (2) returns of deaths 
(grouped for each sex in the same age-periods os have 
been adopted for the census population) for one or more 
years among this same population. The simplest plan 
is to take only the deaths in the census year, when 
the population is known with precision; but as it is 
important to obtain large numbers, it is convenient 
to Use the death returns of a series of three or nibre 
years, in which the census year is central. Thus the 
1901 census population may fairly be assumed to be 
substantially the same as the average population in 
the years 1900-1-2. A still better method is to take 
the death returns for a whole intercensal period, and 

* Tbe "meandaratioii of life*'differs from the *'probftbledtint( 0 oo( 
life " JtMt M the eiithmetical meen of a list of nnin tiers differs from the 
middle vslhe of theserlra. The fiict tbet one term has m rainf terroe 
above as below it does not render ft the mean of the series. 

The mean dursUon of life" most a1io bo carefullv distinguished firdm 
the “ mean age at death." Tho latter expression la not employed In 
reference to a llfe^table iiopolatlon. 
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the vman population. A separate table should be 
constructed for each sex. 

Having decided upon the. intervals to be taken 
(annual or quinquennial), the first step is to ascertain 
from the census returns the number living at each 
group of ages, and, from the death returns, the mean 
annual number of deaths among each group. As 

1 j *1 • 1 number of deaths , „„„ 

already explained, .. -,-7- X 1,000 = I) = the 

number living 

death-rate for that group of ages per thousand living. 
Th()se D deaths (among 1,000 living) are assumed to 
be evenly distributed over the whole age-period in¬ 
cluded in the group, so that half (r.«. will occur in 


the earlier half of the ages, and half in the later.* 
Hence the 1,000 persons are regained as decreasing 

from 1,000 -f * ♦ at the beginning <fl the period to 
D ^ 

1,000 - at the end of it; and the ratio of the final 
to the initial population is (l,000- : 1,000-f 


Of Having found the value of this ratio for 

2,000-1-D ® 

each age or group of ages, we have ail the data 
necessary for the construction of a life-table. 

•For the first year of life the formula is not required. 
If the infant mortality (deaths under 1 year of age 
per 1,000 births) be 200, it is evident that 1,000,000 
[lersons at birth (i.e. living at the commencement of 
the year in question) will be reduced to 800,000 
during the year. The number commencing the second 


* iji vthur woriiM, " thu uuiiibci' of the living In any your of their (go is 
au arithmotioal tiiuati proj^ioiiHl between the immmnt that ansnail.) 
enter uoon and that anmiuuy complete that year ** (Milne, quoted by Farr). 
An earlier bypothAlu (Du Molvre'u) eesumed that the numben liviim 
d«9creaaed in arithinetlcal progroeuion down to Mothiiig at the age ul 
86 years. * 
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year is 800,000; taking the death-rate during that 
year of age as 66 per thousand living, the formula 

, 2 , 000-66 1,935 , , , , . , 

becomes - .J^ 5 > already explained, 

the 800,000 living at the beginning of the second year 

will be reduced to —— x or / 49,637, at its 

1 2,VOO ^ * 

close. In like manner are determined the sui-vivors 
at the end of the third, fourth, and 6fth years. 
After the fifth year it is usual to proceed by five-yearly 
|)eriods, but the methoil is substantially the same. 
Suppose, for instance, that we have already found 
that of the million only 700,000 survive at the 
end of the fifth year; and that the mean annual 
death-rate among persons aged 6 to 10 years is O'!). 
This death-rate is assumed to be true of each of the 


five years, hence the formula of i;pduction /or each 


5 , . , ^ / 2 , 000 - 6 - 5 \‘ 

“ 21555?^’ (2,OT0 +C-6j • 

At the end of the tenth year, therefore, the 700,000 

,2,000-6'6v“ 

will have become i-educed to 700,000 x (.^qoo+b-s* 


—which, by the aid of logarithms, is readily found to 
bo 677,616. 

The process is repeated for each quinquennium 
until no more survivors are left. •* 

If decennial bo • substituted for quinquennial 
periods, the annual death-rate I) must be calculated 
for the ten-year age-period as a whole, and the 

fomula will be ' 

A Ijfe-table traces the history of a hypothetiral 
generation which lives through each period of its life 
under the conditions that ^attend each such penod 
during the era under examination. It eliminates 
the disturbing influence of a variable birth-rate and 
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migration-rate, which introduce muiy fallacies into 
any attempted estimation of longevity from mere 
death-rates in a changing population. A census 
return gives the numbers living at ages between 
certain fixed points; a life-table, on the other hand, 
shows the relative numbers surviving at certain 
points of. time, or rather of age, and thus enables 
us to calotilate the expectation of life at any such 
point 

The expectation of life at any age A is calculated 
by adding together the years of life lived through by 
the whole of the life-table population after that age, 
and dividing by the number of survivors at age A. 
Thus to find the expectation .of life at 50 years of age in 
males according to the 1891-1900 life-table (Appendix 
V,), the first step is to add together the numbers surviv¬ 
ing at each later age: this gives the mim^ier of complete 
quinquennia lived lhrough=l,746,421. But in addi¬ 
tion to the quinquennia which he completes, each of 
the 530,888 males surviving at age 50 lives through 
some portion of that quinquennium in which he dies. 
By a further application of Milne’s principle this 
fraction is averaged as half a quinquennium, and 
hence we have to add 265,444 hall-quinqnennia to the 
1,745,421 quinquennia. We thus get a total of 
2,010,865 quinquennia or 10,054,326 yeare of future 
life f and this, divided among the 630,888 who are 
alive at age 60, gives the elcpectatibn of life as 
18'9 years. 

The expectation of life is sontewiiat grater among 
females than among males, at all ages. It is greatest 
in both sexes at about 3 years of age. 

Sesaonal variattoiia. — Most diseases, and 
Well-defined groups of diseases, have a fairly constant 
relation to seaspn,’and present characteristio curves 
of average seasonal mortality, subject, however, to 
variation in time and range* in any given year. 
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Many of them have an obviona relation to heat and 
cold ; thus there is a winter maximum in deaths 
from apoplexy and diseases of lungs, heart, and 
kidneys; and a summer maximum as regards diar- 
rlicea, tabes mesenterioa, and thrush. Scarlet 
fever, enteric fever, diphtheria, puerperal fever, 
erysipelas, and rheumatism have their maximum 
about November; smallpox and whonping-cough 
have a spring maximum ; and so, too, have phthisis, 
“convulsions,” gout, and laryngitis. Measles has 
a double seasonal curve with two maxima and two 
minima. 


Close or Death. 


Sowlet fever. 

Diphtheria. 

WhooplDg'COQffh. 

Enterto fever. 

l^hoa. 

JSryglpelas. 

Puerperal fever. 

Other deaths from uhlldbirth 


BheumaMun. 

Alcoholism. 

Qottt.•• I 

Phthli^s. 

Apoplexy, paralysis * ' * i 

Cottvolnoas.. i 

DiisaiesofdrouUiXHyavstem I 

Laryaiitlj.• 

Breaoaltla • • .. 

Pneamooik 

Pleurisy. 

Eidn«y disease • • • > • - 

OMage. 

SltMIUW . ■ - . . { 


Jaunory to May. 

(1) December. ; 
12) June. 

October. 

Nov., Decomber. 
March, April. 
November. 
January. 

Nov., December. , 
November. 

Dec., Junnary. 

{ July (4thweek), { 
Aae. (let and j 
2Dd weeks). ! 
November. ' 

July. I 

April, ' 

Maroh, April. 

Deo. to lurch. 
Iforch, 

Nor. to January. 

Mi^h. 

January. 

Jan. and March. 
December. 

Nov. to April. 
January. 

(U Deo. to March. 
^JUyto Aufost. 


Sept, and Oct. 

(1) September. 

(2) Pwruory. 
March to May. 
May, June. 
Sept, Oct. 
June. 

September. 
May to Ang. 
August. 

June, July. 


August. • 

Dm. to Mar. 

September. 

September. 

July, August.. 

September. 

Ai^ust. 

Aug., Sept. 
August. 
August 
August. 

June to Aug. 
JuuetoOoti 
(1). June. 
(&)Oetob«r. 
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There are also characteristic seasonal eiirves of 
mortality from all causes at certain ages :— 


Aorn. 

1 MoaTALITT. 

Greatest. 

Lenet. 

'S-1 { 

Over 20 

4tb week iu July to 
2nd week in Aufr. 
(1) Feb. to April 
July, August . 

December . 

1 April, May. Jime. 
June, July. 
September. 

July, August. 
August. 


The mortality at ages from 5 to 20 shows only 
a slight excess at midwinter and a alight falling-off 
at midsummer. The position of the maximum and 
minimum points I'emains the same at all later ages, but 
a rapidly increasing sensitivenels to cold is manifested 
by a wider range of seasonal curve. Below 5 years 
of age a similar increase in sensitiveness to climatic 
conditions is found; but the greatest danger is from 
heat, not from cold. From 1 to 5 years the principal 
maximum occurs in the early spring, owing to seasonal 
prevalence of whooping-cough and measles; but there 
is also a distinct rise in July‘’and August, due to 
diarrheeal diseases. Under 1 year of age this minor 
eleyatiosi becomes an enormous peak, corresponding 
to the diarrhoea maximum. 

The mean seasonal morti^ty curves of six in¬ 
fectious diseases in London are shown in Fig. 77. 

Ocenpation anil mortality. — In tracing, 
from mortality data, the influence of occupation 
upon health, it is necessary to take into account not 
only the numbers employed, but also their sex- and 
age^istribution, ^d the inevitable selection of the 
more robust for certain kinds of employment, and 
the weaker for others. 
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Comparing the results of the 1901 census with 
klie mean mortality of the three years 1900-2, 



Fi|. 77.~-8MtofMl carvM of oiortality (Loodon). Mcoa of M yMra> 
d^hthcrit (20 yean) aoil enteric fever (12 yeare). 

Racb dIvUten correapoDda to in per cent, above or belo*# the mean annuai 
luortaHiy indicated by the dotted line. 
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Tatham showed that among the whole male popu¬ 
lation aged 26-66 there were 1,000 deaths per 
71,006 living, corresponding to a death-rate of 14'1 
(see Tables on p, 763). 

For the four decennial age-jieriods thus covered 
the data were as follows ;— 


Age<ii6rio(f. 

j. 

Standard 

{•oputatioii. 

Annual death- 
rate. 

Annual deaths 
in standard 
population. 

26-36 * 

26,259 

0-38 


85-46 ; 

20,407 

10-94 


45-65 1 

14,748 

18-67 

275 

56-66 c 

i 

0,691 

34-80 

384 

•25-65 

71.005 

14-as 

1,000 


In the same standard population the mortality 
from any specified cause can l)e •calculated for 
each of the age-decennia and for the whole 25-65 
age period; multiply the fignre in column 4 by 
deaths from the specified cause , , , . , 

' 'mSTdSifhs..: deaths to be taken 

into account being, of course, those of the age-period 
under consideration. 

In like manner the smaller statistics of persons 
engaged in different occupations are dealt with, and 
in prder to arrive at comparable results the standard 
age- (and sex-) distribution has^to be observed. Thus, 
as regards the earthenware manufacture it is ascer¬ 
tained from the census returns how many male 
potters are living at each of the four age-decennia 
between 26 and 65; and from the death returns 
what is the annual number of deaths among male 
potters at each age-decehnium. It is then easy to 
calculate the annupl number of deaths among a 
standard population of 71,006 of -potters— 26,269 
aged 26-36, 20,407 aged 35-4e..U,748 aged 48-56, 
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and 9,5^ nged 56-fi5. It is found to be 1,493, as 
compared with 1,000 for “all males.” These are 

j COMPAUATIVE MohI'AMTY ACCORUINO Ta OcnuPATION, I 
j AMONG Maleh 26-G5 Yrahb op Age I 


j KiidlHnd and Wnlen. ! ^ 


I All MiLpfi • 

I Agrriculiuriftts • - 
Fmhermon - • • 
Cotton manufacture 
Wool manufacture 
! Coal tninerti . . 
i Coni heavam - • 

: Tin minors • • . 
j Lead miners • • 

I Qloss manufacture 
> Earthenware „ 

! Plumliers • ••• 

: Cutlers • • ■ . 

I File^m^ers • • • 
Printers - • . • 

I Tailors • . ■ . 

’ Drapers > • . • 

Qrocers ■ . . . 

\ Bakers .... 
Butchers- - • • 
Brewers ■ - . . 

I Innkeepers • • . 

Costermongers . 

. Dock labourers * 
j Chimney sweeps - • 


|0 fl h? S 

u «. I 2 


f- w . S . • I I 

•a 3 ! 3 :S s I E . 

I m £ ! fti 


'£\\ 2 ()8!lfl6 
7! 1 SO I 85 


57 90 27 
22' 40 13 
271 02 If; 
93 i 109 17 
56 83 
79 1 86 17 
91 157 18 

206 i R1 12 
53! 84 Id 

132.104 23 

253.105 31 


( 133 22 

’ 114 151' 15 

> 47 64 24 
. 61 '68 26 
; 22 59 30 

> 30 43 32 
I 53 79 32 
: 581 96 60 
; 96 [ 96 73 

57; 147 201 
165:177 40 
137 187 22 
100 1.36 32 


■.V, ! 111000 

; 18 :_-i 602 

'20 ; - ; 967 
i 38 1 - 1X14 
50 ! — ! 984 
12 I -: 885 
42 j -11221 

50 i-i2131 
19 !-'1206 
53 i 8 1260 
33 :10 1493 
74 123 1114 

51 i - 1566 
134 56 1700 

42 2 994 

42 - 1027 

35 !— 845 
37 729 

33 • ■ - 
46 in48 

43 i - i 1393 

87 - 11781 
55 ; . 2007 

41 • 11481 
23 ! - 1845 


The following list, shows 
figure, calculated in the wimo 
occupations; — 

All Males . . l.ooo 

Clergy.524 

Gardeners .... .'Xig 
TMChers .... 665 
Btosiery nutnufartnre . . 021 

Jjocc workers . . . oso 

! Tanners .... 774 

' Artists.828 

Lawyers .760 

Blacksmiths .987 


8 tho comparatiWL! moriRlity 
i(' way, for a number of other 

Shoemakers.... 984 
Cuiiiuiereial travellers . 988 

Medical men . .962 

Shopkeepers geiiorallv . 078 

Law clerics .... 970 
Hairdressers , . . i,i 9 f( 

Hatters .... 1,137 
Musicians .... 1,261 
General labourers . . 2,286 
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comparable figures; in the same way com;^rable data 
as to mortality from phthisis and other special causes 
can be obtained for each occupation. {See Tables on 
p. 783.) 

Phthisis and respiratory diseases cause a high 
mortality among debilitated persons, esiwcially those 
exposed to weather, to hot or impuiT air, and to cer¬ 
tain forms^pf dust. Hence the mortality from these 
causes is high among costermongers, cutlers, file- 
makers, potters, printers, and highest of all in Coi'nish 
tin-miners. The comparatively low raoitality from 
phthisis among coal-miners may be attributed to the 
|)articles o.f coal being comparatively free from shai'p 
angles and hence less irritating than stone or metallic 
dust (Ilirt). The same immunity from phthisis has 
been observed among coal-miners in other countries, 
liut it must not be forgotten that the nature of the 
employment excludes weakly persons,,.and that coal¬ 
mines are well ventilated. The death-rate is highest 
in occupations ui which the workman is exposed to 
])oisons (such us .alcohol and lead), hard dnst, and 
inclement weather, without opportunity of exercise; 
in open-air work combined with e.xercise and in 
properly supervised industries the mortality is low 
(BertiUon). •< 

Nervous diseases cause excessive mortality in 
occupations associated with alcohol or lead; the most 
fatali occuimtiong in this respect are those of inn¬ 
keepers, glass-makers, file-makSrs, and lead-workers. 
The incidence of gout and of fatal kidney disease 
'is very similar. Mortality from diseases of the liver 
is in the main associated with mortality from alcohol¬ 
ism, both being high, for example, among commercial 
travellers, butchers, brewers, and innkeepers. 

Diseases of the circulatory system are most fatal 
among costermongers, cabmen, brewers, publicans, pot* 
tera, cutlers, file-makers, and workers in glass, 
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The oerapaTative mortality figures tend to establish 
a relation between intemperance and diseases of the 
heart, liver, kidneys, and nervous system, and also 
phthisis ami gout. TLead imisoning, similarly, is seen 
to be associated with diseases of the kidney, heart, 
and nervous system, and also with gout. 

Value of atatistieal series and averaKes.— 
The mean or average of a series of numberjis a number 
which lies between the greatest and least of these, and 
stands in a definite dependence upon the whole of the 
series (Kadieke). There, are several kinds of means. 
Thus, if the series consists of four numbers—namely, 
a, b, c, and d — we have 

rt -4* i ^ *4“^ 

The mean, or simpltt • -• 

4 

The ffeometrifi mwin, cd * 

4 

The htmnonit mean, I , 1 ^ ^* 

a (I 

The qiuiimtie mean, ^ i 

When the terms of the series are eipial, all kinds 
of means are also equal; but if otherwise, the quadratic 
is the highest, then the arithmetic, geometric, and 
harmonic, in the order stated. 

The simple average, or arithmetic mean, is hv far 
the most generally ad^ted, and mamly in three classes 
of oases:— 

1. As g pwre average; for example, the average 
age of a number of persons. The terms are exact, 
and the “ mean ” has no significance as regards any 
individual. Thus, the ages of ten persona whose 
deaths were attributed to diarrhoea might be 1, 1, J, 1, 
71, 71, 1, 1, 1, 71; and those of ten who died from 
enteric fever 17, 16, 28, 29, 25, 20, 16, 19^ 24, 26. 
These two series have nothing in common as regards 
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the individuals, but the average of each is>22. The 
mean temperature of a day or year is a simple average 
of the observations which are taken into account. 
Similai'ly, if we mix together equal volumes—say, 
an ounce of each —of four saline solutions con¬ 
taining respectively 10, 20, 30, and 40 grains of salt 
per ounce, the whole will contain 26 grains per ounce. 

2, A« tr probabh tnie value of a definite quantity. 
—Given two results equally likely to occur, the fre¬ 
quency of the one becomes more and more certainly 
equal, to that of the other, in proportion as the number 
of observations increases. If a coin be tossed 1,000 
times, it is'improbable that heads will turn up much 
more or much less than -500 times ; but with only 10 
trials, there is little certainty of approximate equality. 
If in a given series of measurements of a fixed quan¬ 
tity (an angle, for instance) the errors of experiment 
are exactly as likely to be in excess ao in deficiency, 
these errors will neutralise each other if we take the 
mean of a’sufficiently large'mnnber of observations. 
An error of magnitude a: in a single observation will 

X 

affect the mean to the extent j" in a series of ten ob- 

X 

serrations, but only in a series of a thousand 

terms. The more extended the series, the greater 
the probability of accuracy, which increases as the 
square root, of the number of observations. 

If the measurements are of equal precision, a 
closer but less simple approximation to the probable 
true value sought may be obtained by adopting 
the principle of hast equaree ; that is, by finding 
such a mean value that the sum of the squares of 
the residual errors of the observations shall be a 
minimum. 

3. Ae a proMile value of a variable quantity de¬ 
termined under average conditions; for example, the 
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average dlily excretion of urea, as determined by a 
series of more or less exact measurements under vary¬ 
ing conditions as to food and exereise. In vital statis¬ 
tics absolutely fixed points are of rare occurrence, and 
most of the problems belong strictly to this class. 

It may be important to determine the value of a 
series of observations; that is, how far the mean is a 
trustworthy approximation to the true valuSsought. As 
already explained, the value of a series increases with 
the number of observations, and with their equality. 
Another test is that of “ successive means.’' For this 
purpose we take the mean of the first two terms 


( of the first three ^ ^ ' 
and so on. Those “ 


of the first four 
successive means” 


may vary sharijly at first; but presently the first figure 
becomes stationary; then the seconfi; and finally, if 
the series is sufficiently extended, the later successive 
means cease to vary materially. If the successive 
means, carried to the end of the series of terms, do 
not attain the inquired degree of constancy, the series 
is too short. 

A further criterion is the determination of the 
error; that is, the divergence of the individual terms 
of the series from its mean. The mean error in excess 
and the mean error m deficiency are simply the arith¬ 
metic means of the efrors of those term^ which fall 
respectively above and below the mean of the series. 
The mean error of the series is the average of the mean 
errors in excess and deficiency. The greater the mean 
error, the greater is the need for an extended series in 
order to compensate for the uncertainty of each ob¬ 
servation. iUdicke prefers to adopt the quadratic 
mean error rather than the arithmetic, described 
abov^ since the former increases more rapidly with 
the inequality of the terms. 
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Multiplying the mean error by 0'67i5 or*!, we get 
the probable error, so called because it is probable 
that* if the series were prolonged indefinitely, the 
errors would as often exceed as fall short of this 
quantity. 

The maximum error, whether in excess or de¬ 
ficiency, is useful as showing the posaible error of a 
limited nuifiber of observations. Another way of 
estimating the eiTor is to deteinnine the error of 
mean square, in a series of n terms, Q Ijoing the 
quadratic mean and A the arithmetic mean, the error 
, . U-A 

of mean square is - . 

^ («*—«) 

The value of a series increases as the proportion 
of the eiTor (of whatever kind) to the mean 
diminishes. The; relative values of two or more series 
vary inversely as the square of their probable errors. 

Statistics are often presented in bulk, and the 
same question of sufficiency arisea For instance, out 
of 6,288 reported cases of scarlbt fever, 2,861 are at 
ages under 6 years; are these numbers sufficiently 
great to warrant the conclusion that the proportion, 
45'5 per cent., is approximately oonstailtl Such data 
are really the sum or average of sujipressed series, and 
their value is proportionate to the square root of their 
magnitttdu Poisson proposed to measure the liability 
to error thus: If, of p observations, m aire in one 
category and n in other categories, and m + n = p, 
then the true proportion at the m categoiy to the tow 

p lies between " + 2 a/^" and ” — 2 a/~?‘ 
s V a* M -M. A 

that is, within a possible range of 4 
the instance in point the range is 4 


or about 


1,000 


/6,288)» ’ 
Hbnce thq indicated nronortion. 45-S 
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per cent,, il liable to a range of error of 3'6 per cent.; 
from 43-7 to 47'3. 

It may also be possible to divide the total ft into 
two or more fairly equal parts, and thus ascertain if 

the proportion is approximately constant in each. 

Such constancy would tend to show that the proportion 
is a fixed quantity, and not a mere averag!. 

The preceding remarks have reference mainly to 
aeries that are intended to show by their mean some 
true fixed quantity. Sometimes they are used for a 
different purpose—namely, the exhibition of pro¬ 
gressive changes or fluctuations. Here the general 
considerations as to magnitude still apply, but the 
determinations of “ error ” have no significance except 
in regard of the individual terms of the series. It is 
often convenient, for the purpose of comparing the 
fluctuations of* different series, to adopt Ihidum and 
UiteluiVs metltod —namely, to state each term of a 
series as a percentage of the arithmetic mean of the 
series. In this way all series, whether the terms are 
large or small, ^ reduced to the same scale, and their 
true differences and resemblances can be seen at a 
glance. The curves in Fig. 77 (p. 751) may serve as 
an example. 

If the terms of a series are based upon scanty 
statistics, the accidental irregularities may be so great 
us to obscure the truewsurve. Some degrdb of this is 
evident in respect of diphtheria in Fig. 77. A clearer 
indication of the general outline may in such cases 
often be obtained by BImoiii’s met/tmi —that is, by 
substituting for each term the mean of thi-co adjoining 
terms. Thus in a series a, i, c, d, e,/, g, etc., we should 

substitute (a), - -—, —-—, This 

o a 0 

treatment is, of course, arbitrary, and curves so oon- 
atrubted are not to be regarded as exact in dettdi. 
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I. Standardisbi) Dkath-Kateh at Ages, England and 
•’ Waijjs 


AOBS. 



Males. 





Fctiialcs. 



Ten ) 













years I- 
ended ) 

l8tK) 

1870 

1880 

1800 

1900 

1910 

18*50 

18711 

1880 

1890 

1900 

lOK 

All Ages 

21-O 

22-8 

21*5 

lin 

iy'2 

10*3 

20*0 

20*4 

19*;( 

i:**5 

17*0 

14-J 

0- f} 

72-4 

73-5 

*58*4 

01*0 

*52*7 

50*0 

*52*7 

03*7 

58 *3 

51*9 

52-8 

41*1 

5-10 

8*5 

8-2 

0-7 

5*3 

4*;{ 

3*.5 

8-4 

7*3 

0*2 

5*3 

4-4 

3*( 

ltt-15 

4-0 

4-5 

3*7 

3-0 

2-4 

2*1 

5*1 

4*5 

3*7 

3*1 

2*0 

2-i 

15-20 

0‘7 

«*2 

5*.-{ 

4-3 

3*8 

31 

7*4 

0*0 

'.•r. 

1*4 

.-5-7 

•J*f 

20-25 

8*8 

8 *.5 

7-4 


5i 

4-0 

3*5 

s*« 

0*3 

.5-5 

4-5 

3*5 

25—35 

hti 

y-!* 

<J:t 

;.*s 

0*8 

5**5 

ll*il 

0*7 

*3*«; 

7*4 

0-1 

4*7 

35-45 

12 5 

13-5 

13*8 

12-1 

n*f. 

0*2 

12*2 

121 

11-0 

lo-o 

!l*0 

7*f 

45—55 

18-0 

10-3 

20-1 

10*4 

34*7 

is-y 

10-2 

15*2 

15**i 

15-0 

15*1 

14-7 

12*f 

5r>—Chi 

30-ii 

33-1 

,34-0 

34*0 

31*3 

•27-0 

27*0 

•28*7 

23*5 

28*4 

24*} 

A5-75 

05*3 

67-1 

^59 *7 

70-5 

70*1 

64-8 

.58*7 

59*1 

oro 

*50*4 

007 

58*J 

7.5—85 

140-7 

147*2 

150*8 

140*0 

140-1 

137'7 

134*5 

134*9 

18.5-4 

130*0 

130-0 

119-1 

Over 85 

308-2 

815*0 

327*4 

305-8 

28*5*3 

279-2 

288-9 

•28.5*1 

29*5*4 

270-8 

2*51*4 |2501 


11. Poi’UL.\TioN, England anj» Walks 





1 

1 Density. 

e 

1 pupiiictiifti. 

Rate of 

Females 



Cen.sus. 


Decennial . 
fnnrase. 

W- 

100 Males. 

1 Per 

Per 





8apare 

Inhabited 





Mile. 

House. 

1801 

20,060,224 

11*9 

105*3 

344 

6*4 

1871 

I 22,712,20*1 

13*2 

105*4 

890 , 

6-8 

1881 

25,974,439 

14*4 

* 106-0 

44S , 

5-4 

1691 

' 29,002,625 

11*7 

100-4 

497 


1901 

82,520,075 

12-2* 

100-9 

.5.58 

.5-2 

1911 

' 86,076,269 

_ 

10*0 

_ 

100-8 




' Highest (23*1) in urbtu districts of 50,000 to 100,000, diminteliiog in 
eAoh direction to 9’8 in tl>o«e over 250,OOP ftmi t(k4'8 In tiiose under 8,^ 


7eo 
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III. AoK- iND Sbx.Distbibution ok Popolatiok pkb Miuion, 
Enoland and Wales 
Census 1901 


Aw- 

penols. 

Midea 1 

Feiiiales. ] 

t 

Total. j 


lltirnl. 

0- 6 ' 

r.v.osa ' 

67,223 j 

114,262 1 

114,348 1 

118,978 

5 -10 ' 

.63,462 1 

53,747 ! 

107,209 1 

105,5.65 ! 

112,760 

10—15 i 

51,870 1 

.61,866 1 

102,786 1 

101,147 ! 

108,807 

15-20 1 

40,420 

50,376 ' 

99,796 1 

101,080 1 

95,489 

20—25 j 

45,273 . 

.60,673 I 

95,940 

100,201 : 

81,870 

25—8.6 i 

70,425 

8.5,164 1 

161,579 ! 

: 167,597 

141,890 

36—46 ! 

50,804 

l>3,46f. ! 

122,840 j 

1 124,282 : 

118,039 

46—66 j 

1 42,024 

46,208 j 

89,222 ! 

1 88,368 

92,086 

65-0.6 1 

1 27,013 

81,828 ’ 

.69,741 

! 56,642 

70,189 

00—76 

1 14,ftH 

18,889 i 

88,080 

^ 29,502 

45,080 

76-8.6 i 

j .6,080 

7,016 1 

12,W*0 

1 10,102 

18,768 

Over 85 

6,62 

980 

1,401 

l,l«() 

2,514 

All Ages 

1 483,.642 • 

.616,4,67 

1,000,000 

1 J,000,18)0' 

1,000, 0001 


' Mftlfs, 471',44-1; fpmalw, 620,.V»r.. 
f Males, 41*7,203; fflinaleH, 602,707. 


IV. BlRTH«KATm AND DlfiATH-KATE-S, 
Erolano and Walks 


Dcccniilutii. 

Birtli. 

Bale. 

llirllia uf Males 
per 100 birtli H 
of Feiiialeh. 

J 

Multi. 

tiuth-bat 

Ftiiuflle. 

Tolal. 

luraiit 

Hor. 

lality. 

18.61 1860 

84'1 

104*6 

28*1 

21*4 

22*2 

154 

1861-1870 

:V»'2 

104*2 

23*7 

21*4 

22*5 

154 

1871-1880 

85*4 

108*8 

22*7 

20*1 

21-4 

149 

1881-1890 

82*4 

108*7 

•20*8 

18*1 

19'1 

142 

1891-1900 

29 •O 

108*6 

19*8 

17*1 

18*2 

158 

1001—1910 

27*2 

108 *8 

' 16*4 

14*4 

16*4 

128 
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V. Kmuubb Lim-Tabie, based opok the MoAautt 
Statistics op 1891-1900 (Tathah) 
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A 

Alio pnK«s8. 310 

Abattoirs (see Hlaughtcr-huuses) 
Absorption irf by soil, 170 
Abyssinian tube wells, 46 
Acanis soabiei lunnluts. 352 
Aecklents in factories. 686 
Aoclbnatisatlon tbeory of protec¬ 
tion. 377 

Adiorion sohilnlelnU, 855. 868 
A(2>roiKl«i:trin. 162 
Aoid-tast ralcro-orKanisniB, 470 
Aoidity (A water. 74 
Actinomyoosis. 161 . 868 
Acts of Parliament. M.O.H. and, 
570 , 

Acute pc^lomyelltls (see Polio¬ 
myelitis. acute) 

Adams' method. 138 
Addltionai benetlta under Natiomd 
Inauranoe Act. 652 
AdopUre Acts. 608. 605 
Adulteration of brandy. 167 

-of bread, 160* 

of butter, 163 
of iour, 158 

-milk. 132 

Aerated bread, 159 

-watore, 66 

Aerobic metiiod. 824 

-raiorobei. 870 

Aerosoope. 12 

Aie arid seeioDsI rariatlAu of 
deaerate. 750 

—“ and severity ctf attack, 364 

-and sosoeptlblUty. 864 

dlitrlbutkm m. affeoting mot- 
tatity. 786, 740. 762. 
760 

*— —— of populaiioii. 788, 761 
Agenotei. auxiliary, and 
580 

Aofatlnation In emterio fevo'. 448 
Agghitlnlnf, 870 
Ague. 500 
Air. 1 

analysis of. 102, 106, 10? 

— — tiaoteria to, «» W 


Air. composition 1 

-dnit in, 8 

-examination of. 12 

-for carbonic acid, 18 

-- __ by Angus ^ith'p 

method, 15 

-by Haldane’s 

method, 14 

-by Pettenkofer’s 

method. 13 

-for carbonic oxide, 15 

-for nitrogen, 16 

-for organic matter. 18 

-for oxygen, 16 

-for osone, 16 

-for particulate matter 

and bacteria. 12 

-' for water, 16 

-expired, 9 

:-huinidlty of, 20 

-ground, 178 

-Irapwltles of, 6, 11 

-in sewers. 810 

-to soil, 178 

-organic mister to, 10. 13 

•-physical properties rf, 5 

-pdlutioiv of, 6. 11 

-pressure of. 26 

-saturated, 21 

-spores to, 8 

—— temperature trf, 17 
Alr-spaoe (see Cubio space). 
Albuminoid ainnmnla, 82 
— food, 96 ■ 

Albumoees, 870, 874 
AioohoUo beverages. 168 

-and (Uk^. 164, 165 

AloohoUnn. death-rate from, 165 
Alextoes, 379.881 
Alkali Acts. 10, 687 

-works, fumes from, 10. M7 

Alkaline permanganate sohitiou, 81 
AUuvial soil, 180 
Aluminium piDoess, 60 
^Alumtoo-feniio proosH^ 818 itoob- 
note), 810 
Ambooepton, 370 
Ambulant plague, 506 
Amldulin. 162 
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INDEX 


Amines prooesB, 819 
Ammonls. nlbuiuluoid, 82 

-ftee, 8i 

In air, £, 16 

— In water, 66 

-process. Wanklyn’s, 80 

Aminoniacal fenneotatlon of urIiM. 
867 

Ammonium cblotlile solution in 
water analyslB, 81 
^mceba coli, 3S8 

-dysenterte.CSe. 624 

AntBmla due to parasites, 840 
Anaerobic metbod, 324 

— microbes. 370 

-in soil, 175 

Analyst. Public. 619 
Andenonis process, 319 
Anemometers. 38. 206 

— pocket. 84 

-pressure. 88^ 

Anercdd barometer. 29 
Angus Smith’s meUod, 16 
Animal food, advaiitai^ of, 104 

-matter in water, 87. 92 

-diseases caused Iiy, 

92 

-parasites. 388 

Animals, diseases communlcaU'd 
by. 802 

-keeping of. 691, 040. 709. 720. 

728 * 

Ankylostomiasis, 349 
Ankylostomum. 347 
—— amerlcanum. 847 
—— doodenale. 847 
Anopbelee, 514 

Annotated Uodol Bye-laws, 7u8 
(footnote) 

Annual variations Ot barometer. 80 

-of birth-rate. 784 

-of death-rate. 786 

—— of rainfall, 37 

—— —— ol thennometer, 18 

Antenatal (dinloa. 681 
Anthrax. 488. 684 

-badllus of. 176. 372. 489 

-fonus of, 488 

in animals. 489 

—incubation period of. 488 
inodee of Infection In, 489 

-Order, 491 

symptomatic. 867 
Antianthrax Krums, 490 
lezum. 888 

—— •*>-• pnparatlOD of, 888 
Antkiyidones. 80 « 

Afiti-D trap. 292 (!1g. 88). 298 
Antlphtbl^ 471 ' 

Anttscorbutlos. 106 I 


Antiseptics, 668 
Antlslphonage pipe. 290 
Antitoxic serums, preparation of, 
882 

Antitoxin theory of protection. 
879 

-treatment of diphtheria, 427 

-of enteric fever. 442 

Antituberculous sera. 471 
Apjohn’B formula. 28 (footnote) 
Approved societies, 661 
Arachnlda. 841 

Area of rooms, measurement of. 199 

-under Local Government Act 

! (1894). 614 

Argon, 2 

Arithmetic mean. 766 
Anny, ablution arrajigemmits in, 
667 

-bathing arjacgementa In, 697 

-care of feet In, 098 

-health dlsquall8catiott8for.694 

-hospitals, 700 

-hygiene of, C91 

-kitdien arrangpments In. 698 

-mortality statistics in, 7()0 

-preventive methods in, M9 

-sanitary swvlce of. 692 

Arrowroot, 162 
Arsenic In b^r. 165 
-in, water, 77 

-for, 7^ 

Arsenical poisoning, 084 
Artesian wells. 45 
AitiSdal lighting, 212 

-ventilatloia 206 

Artisans' dwellings, 210 
Ascaiis lumbriooldes. 346 
Ash closet% 808 

Ashes, lemovai of. 307, 588, 704 
718 

Ashpits, 802 

-bye-laws as to, 718, 728 

-cleansing of, 709, 711 

—— o^aitniotlon (rf, 718 
Asiatic diolora (tee Ciholera} 

Aspect of houses, 182 
Astor Departmental Committee on 
Toberouloeis, 1912, 4ra 
Asylum dyssntery, 626 
AtmomeUir. 26 
Atmospheric humidity, 20 

-movmnente, 81 

-pressure, 26 

—■ — varieties of, 29 
Attenuation of vlnu, 872 
Autoclave. 152 
Auxiliary agencies, 680 
Av«i«8es#764 
Avtais Ku b ei culosls. 477 
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I B 

• 

Bm!U1. 69. 896 

-uathojenlc, 867 

Bioillui aoldi laoliol, 186 

-anthracU, 176, 869, 149. 861 

-toxins of. 878. 490 

-botollnos. 110, 111, 112 

-butjrrlcus, 188 

-ooll communis. 13, 54. 61, 62, 

68, 64. 91, 111, 128, 129. 
186,189.177, 316. 440, 449, 
450 

-oorrzs •cgmentosus. 426 (foot* 

noto) 

-cyanogenes. 186 (footnote) 

-diphtherias. 139. 418. 424. 665 

-dysenteri®, 624 

-enteritldls (Qaertiwr}, 62. Ill 

- —— sporogenea, 18, 61, 68, 
91. 128.129.139.177, 
460 

-Icteroldes, 603 

-IntfiieoxH}. 463 

-lactls aerogenes, 62 

-—— erythrogeoes, 136 (foot¬ 
note) 

-saponaoei. 186 

-lepra, 619 . 

-maUet 487 * 

—— inorblfloaas bovls. 111 

-rayooldes, 13 

-of cholera. 498 

-of FilecUiluder, 463 

-paratyphosus. 111, 443 

-pestls, 608 

-piodiglosas, 1^6 (footnote) 

-Proteus. Ill 

-sulpeitifer. Ill 

-smxanthus, 186 (footnote) 

-totool. 176. 492 

-- —. toxins of, 876 

—- tuberrmloslB, 7, 469 
—— typhosus, 7. 176. 440, 661 

-xerosis. 426 (footnote) 

Uack-to-badc houses, 138 e 

-—— effect of. on death-rate. 

188 

Bact^a and disease. 366 

-cultivation of, 870 

In lUr. 8. 12 

-in excreta, 7 

-in meat, til 

-in milk. 184. 180 

-In sewage, 61, 816 

'— In soli, 176 

-In sputum. 7 

— in water. 69, 92 
—— patlaogeaio action of, 876 
~ (MS else Micio-organismi) 


I Bacterial fbod polsoDinff. 108 
I —— treatment of sewage, 323 
I Bacteriologloal examination for 
diphtheria, 244 

-of mtUc, 139 

-- of water, 68, 89 

—— laboratories, 681 
Bacteriolyslns. 379 
Bakehouses. 679 
Baking-powders, 169 
Balantidium ooit. 624 
Ballard on diarrtima mortfdlty. 446 
Barff lion. 76 « 

Barley. 161 * 

—— starch, !63 
Barometers, aneroid. 20 

-glycerin. 2Q 

-meioorlaU 26 

-water, 29 

Barometric gradient. 31 
Barracks, 694 
Barrier system. 271, 687 
Bastein pump. 46 
Bean starch. 163 
Beans. 101 
Beaufort's scale, 35 
Beer. 164 

-- arsenic In, 166 

Beggiatoa, 70 
Hell trspv 298 

I BeneQts (National Insurance), 661 

-- addltionrd. 652 

-disablement. 651 

-— —~ maternity, 652 

-medical, 651, 658 

--sanatorium, 651. 

668 

-—— sickness, 651 

Beri-berl. 526 
Berkefeid filter, 64 
Beverley, enteric fever at, 434 
, BUharsla. 524 
— htBinatobia. 345 
Bilious typhoid, 616 
Bird's prooeas. 819 
Birth-ratos, 7S4.«rei 

-as affecting death-rates, 788 

-returns, 6W 

Births and Deaths Beglatratioo 
Act (1874). 677 (footnote) 

-iUefltimate, 735 

mate and female. 784 
—— notlfioation of, 647, 734 
Bischeff's filter, 63 
Bisulphide ot carbon as dislufeo 
tant. 668 
Black leg, 367 
' —— water fever, 626 
Blaok-aih pioceM, 820 
Blair's oxyisa prooeis. 86 
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Bllad ftalidrai. MbMdi for. S18. »0 
Bk>od4Maff. ddtnltloD of. m 
Bloxam’i loothod, 769 
Board of Ctwtrol Mid defet^lvM. 656 

-(rf Bduoatkm and defective 

dilMten. 655, 656 
Boillns of water. 61 
BotUng'POinto of water, 647 (foot* 
note) 

Borax aa antiseptic, 558 
Bordet-Gengou phenomenon. 4H4 
HorJo acid ae antiseptic. 558 

-os dla>nfect&nt, 561 

-as cream preservative, 

183 

Borough OounoUt, 614 
Hothriocepholus latui. 343 
BotuUam, IIS 

Boundaries of local government 
areas, 614 

Bovine dlphther^, supposed. 142 

-tuberculin. 470 

-tuberculosis. 474 

Bovle and Uarlotte's law, 5 
Boyle's valves, 202 
Br^ford, smallpox at. 38? 
Brandy, adulteration 167 
BrassfoundeiB' ague, 685 
Bread. 159 

-adultemtlons of, IM 

-c(«npoaltlon of, 100. 150 

exwdnatlon of. 160 
Btiok. permeabifity of. 182 
Brldts. perforated, 200 
Bristol, sewers at, 810 
Broad Irrigation. 321 
Bromine, dlslnfectlou by. 553 
Brood capsuks. 844 
Bnudae test. 69 
Bubonio pla^, 505 
Buciian and HitebeD's method, 759 
Building Act (Londonl, 188 

-materials. 182 

-sites. 179 

BulkUugs. 182 

—bye-laws ari^to, 706, 712 
—dangerous, 599 

-new, 598. 604. 7(M. 712 

-- Inspeetkm of, 719 

~ ohstmoUve. 661 

-provided under Housing of the 

Woridof Classes Acts, bye- 
tewe as to. 707 

-ventUaUon of. 192 

Burdsran fsver, 626 
Burial Act, 384. 885 
grouxida, 829 

-—— air of, 881 . 

-—— bylaws as to, 706, 725 

> —— olotoes d, 884 


Burial grounds, dlso^. 885 
—* drainage w, 881 
—i_ . effect ot, upon he^th,' 

380 

-—— L.G.B. Memorsndiun as 

" to. 330. 886 

— —- pollution of water ))y, 

381 

-position of. 380 

.. .--gjt. to provide. 383 

-eoji of, 329 

- - in periahaliie conns. 334 

(footnote) 

-power to provide f<w wrd 

enforce. 609 
Butter. 158 

-adulteration <rf. 153 

— analysis of, 158 
—— and disease, 164 

-and Margarine Act (1907). 622 

-oomposirion of. 100, 153 

- regulations tot sole of, 164 

Butyric-acid fermentatloQ. 136 
Buys-Bailot’s law. 31 
Bye-laws. 603. 704 

-Annotated Model. 708 (foot- 

iK^) riy| 

-copy ot, in common lodging- 

houses. .912 

-for urban and tund dtttrtets. 

679. 603 

-L.C.C. aod. 842 

-M.O.H. and. 679 

-Model, 708 

-powers of rural authorities for 

making, 604, 707 

-—— of wri)an authorities for 

makfhg, 608, 704 

-aA. and, 642. 704 

- (Mi gfre separate subjects) 

C 

Oeuurus cerebralls, 108 
Caisson disease, 6 
Gaidum salts In water, 67. 71, 79 
Oatouli, oriirary, 79. 98 
Calf-Jymph, 400. 401 (footnote) 
Calmette's reactkni, 471 
Calorie. 08 
CaJorigen stove, 210 
Qunbridge, eDterlo fever at, 435 
Camerou's septic tank, 824 
CampbeU-Stokes’ smublne reoorder. 

19 (footnote) 

Camps, 694 
— latrines in. 696 
Canal Boats Act (18771. 626 

-(1884). 627 

Oancer, *68 
•' 


c 








QutMf mortality, 789 
(^rbobj'dratM, 06 

Mid u dlsinfectont. 661. 
662 

•>—' Oil M dlslnfeoUiDt'. 561 
Carbon iUt«», 62 • 

i^urtxm&tes in water, 67 
Carbonio Mid lu air. 2. 18. 192 

-ill BOlI. 178. 174 

—-in water, 64 

-oxide in air, 8. 15, 200 

(’arfemt Alter, 58 

(;arrien lu acute polioinrelitia. 460 

-In oerebro-Bplnal lever. 457 

-in cliolera. 142 

-in diphtheria. 142. 246, 426 

—in /ood poiaonlnir, 125 

-in paratyphoid fever, 448.444 

•—- In acarlet fei^r, 143 
—’ lu tyihnld, 142, 438 
Cianote. coiDpoeltlou of, lOO 
Casein. 180 

Caaells's air aueraoineter, 84 
(^taoombs, 381 

Cateiham. enteric fever at, 484. 440 
Causes of death, clas8iflcati(»u of, 
788, 749 

Cellar dwellittee, 589, 639 
CellnloM. 162 ^ 

(finest. 182 * 

Ceiueteriee Durlal ffmunde) 
Census, 781 

-data for U.O.I1.. 580 

Central Control (Liquor Traffic) 
Board (1915), 165 (foot¬ 
note) 

-Uldwives Boud, 610 

-duOes of. 611 

-ndl of. 611 

---—— niies of, 612 

Oerat(9byllQi ffiaolatua, 508 
Oemls, Bubetltute, addition of, to 
flour, 169 

Cerebro-sploal fever, 464 
—bacteriological aids to 
dlaguotls of. 4V 
•— ~ oatrlen, 467 

. -- dlplooocoui of,. 466 

-- dliinfeotlon in, 4r6? 

iofsotion of, 456 

-—-Investlgatloa of 

Bouroes trf. 467 

-—— mild lonni of, 466 

-—— notifloatiOQ of, 466, 629 

oTMimwdlDg and. 466 
i..,—. ifntftonu of, 464 
—flpldenio (tee 
Otwiio iplnil ffirer) 
.0eaq>00ll, 81^ 709. 718 
acho(4. 227 . 


Ceetoda, 8«i 
Chalk. 180 
—— soils, 180 

-water frwn. 67, 68, 180 

Cltamberland's Alter, 60 
Chaiiore, hard, 481 

- aolt. 482 

Chantomesse’s sennn, 442 
Charcc^ Alters, 62 
(harlM's law, 6 
aieese, 166 

-adultemtious, 156 

-an^ysts of, AM 

— ccunpoeitlon*of, 100. 155 
Chemical composition of food sub¬ 
stances. 100 
• disinfection, 660 

-purifloation of water, 51 

-testere of drains, 296 

(.)liickenpox, 405 
—— ai^ schools, 240 

-noilAcatlou of (tmuporary), 

520 

C^id-welffite activltlM, 681 
Cblldien Act (1908). 267, 261.64K 

-aud Intoiioatlng liquom. (^49 

-defective, 218, 269, 666 

-in factories, 686 

-Poor Law. 261 (footnote) 

-preientlon of cruelty to, 649, 

690 

-under 6. preventive medicine 

and, 263 

-verminous, oieaaiing (rf. 640 

- {»M also ^(Xria) 

Chiu, 462 

ClUtteuden on dietary, 98 
Chloride of lime as distufeetAUt, 661 
Chlorides in water. 66 

-—- teste for, 66 

Cblorioe M deodorant. 658 
——> as disinfectant, 663 
—— In sterilisation (rf water, 62 
ChlorcAlonQ ostf-lyiaidi. 401 (foot¬ 
note) • 

Chloros In sterilteffilon of water, 62 
Cholera, 496 

-baoUlus. 498. 666 

-toxins 875 

-carrlm, 149 

-dimate and, 496 

-endemlo aiga of. 496 

-9htemlos of, 496. 497 

-ground midr and, 177 

-inottbaUon period d, 498 

-tn Engjand. 496 

-Infected ih^ and, 641 

insanttatton and, 498 

-jBiOcaBd. 14a 

—- mortality. 4H 
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INDEX 


Ohdern. ooUflMtioa c^, 529 
—nee end, 498 
—• nfnfall and. 498 

-reffnlatione (elilpe). 54J 

-eeaeoo and, 498 

-eoll and. 498 

tempenture, and 496 
~ vaccination afrainat, 500 
water and, 93, 497 
•• Cholera-red reaction.” 600 
('liurohes, bnria) in. 895 
(^'hyluria, 861 

Ciatems, )u)uae.„60. 689. 72.8 

-aaparate, lor cloeeta, 298 

i^ladotbrix. 367 
clarine procese, 316 
Clark’g prooesfl, 51 
Clavicepa purpurea. 161 
day sltea. 179, 160 
-alaft. 180 

Cleansing of common paaaages, 
604 

-of bouses, oompulsoiy, 686 

-Persons Act (1897). 643 

—— of siwighter-houses, 720 
—— of vermioous children. 649 
Climate, 38 
(Jllnics. ante-natal, 561 

-school, 268 

dinker, 308 

Cloak-rooms of factories, 677 

-of 8Cho<ri8. 222 

C'kMets. ash. 303* 

-bye-laws as to. 709 

-common to two or more 

liouses, 603 

-container. 298 

-earUi. 808. 806, 709. 717 

— —— f<» spools, 225 

- Hush. 228. 297 

-for common iodglng-hoiues, 

710 

-for factories, 887. 676 

-for hop-picters, 729 

—— .iW houses, compulsory, 687. 
638 

-for idhooto. 223 

-for tenement hoosai, number 

required, 728 

- pall, 801. 802. 305. 306 

-for schools, 22.5 

-revtrtver, 801 

- 8.A. rmponsible for super¬ 
vision of. 587 

- trough, 299 

•— —— for soho(^. 228 

-water, 296, 716 

—— — for schools, 224 
Cloiure of housM unfit habi¬ 
tation. 660. 719 


Closiire of pc^ited wells or cisterns. 
569 t' 

of sohoote. 229, 240 

-of vaults, 725 

Coal gas. carbonic oxide In, 3 
Cocci'la. 889 

Oocddlum ovlforme. .839 (toot 
note) 

Cockles, poisoning by. 126, 129 
Coffins. 381. 834 (footnote) 

Cohn's solution. 370 
Coke. 208 
CoUodlmi, 76 
Colostrum, 141 
Cols. 31 

(tombinatioQ of sanitary distriots, 
600 

Combustion, effect cff. on corapoii- 
tlcHi of air, 10 
- ■—' proeesses. 82 

-— Prankland’s. 62 

—— —— Kieldahl's, 88 
! ” Comma ” badllus. 499 
! Committees, powers of, fiOO 
j Common lodging-houses. 216. 500. 

I 605 

I --bye-laws regarding, 706. 

710 

-7-cleanliness of, 

710 

-Infectious diseases In. 

605, 711 

-passages, cleansing of. 604 

Comparative mortality. 763 
(^mpensation reservcdr, 42 
Complement, 879 
Oompo for w^Us. 182 (footnote) 
Compressed-air Illness. 6 
Compulsory detention In hospital, 
610 

■>— disinfection, 596. 608 

notification of infectious dis¬ 
eases. 528. 
640 

-advantages of, 

. 580 

removal to hospital, 596 
Concrete, 182 
Condensed milk, 151 
Conder’s prooeas, 818, 819 
Conduits, water. 49 
OonJdla. 867 

Conservancy syttems. 802 
Constant water supply, 60 
(fonstltusnti of milk, minimum 
standard for. 188 
Oonstraotlon of buildlngf. 182 
Consumption (sm Phthisis) 

Contact bed, 824 
(>jntaci<^ diseases, 854 
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Cosiaioer citwet, 298 ! CreloQM. SO, 82 

OontamSDatio]} of air, 8. 11 CylUn, 652 

—— of water by lead. 78 Cyertlceroae. 117» 842 


—- — by organic matter, 40 
Continued ferer. compulsory notl* 
flcatloo of. 529 
Contributory place, 001 
Coc^ng of meat, 119 
Copper ealte in water, 77 

-- for, 78 

CopalA, 379 

Cornices, ventilating. 201 
Corrected death-rates, 736, 730 
Cotton clothing, 540 (footnote) 
Cough spray, 472 
County authorities and regulatiou 
of dog-muaslliig. 487 

-Couudb. 558. 013. Old. 624, 

640, 641. 601. 670. 690. 707 
*■— Medical Officer of Health, 
dutlM <A, 567 

Cows, diseaeed, milk of, 638 

— tuberculous, US. 470, 474 
Cowkeeper. definition of. 634 
Cowpox. 899 

Cows. dlseBscB of. affecting mlDr, 
140. 633 

Cowshed, definition of. 634 

— (»ee also under lialriee) 
Cream, 181 

Crtehes, 561 
Cremation, 335 

— Act, 888 

-L.O.B. Memo, as to, 336 

Crematoria, poeltions of, 886 

CieollB, 552 

Creoeol, 552 

Cretinism, 93 

Cross ventilation. 203 

Croup, 428 

-compulsory notification of, 620 

CnteKy to children, prevention of, 
640. 600 
Cable space. 195 

—— and mortality, 197 .. 

In barrachs. 094 
—- — in canal boats, 026 

~ In common lodging- 
houses, 710 (footnote) 
« In oowsheds, 088 {toot- 
note), 086 

—— In fgctories, 072 

__ In boepltali, 205 

—— —— to rooms, 196 
to schools, 218 
In teottoeut houses, 722 

Colez. 610 

OBstoms sad Tnland Bevmue Act 
(1890). 706 (footnote) 

CutaseOQs leactlw, 471 

2x 


-bovis. 843 

— oellulos®, 348 

-tienis niedlocanellatte, 348 

Cytolyslns, 379 


H-tmp. 293. 208 

Dairies, oowsheds, and milkshops. 

deanslng of, 034, 
036 

-cuWc space to, 038 

(footnote). 635 

-drainage Of, 636, 

686 

-Infectious diseases 

to. 032 

-lighting of. 084, 

636 

-— Order, 080 

-—— -Model Regu¬ 
lations un¬ 
der, 033 

-- —. registration of, 681 

—— regulations reepect- 

tog. 030. 083 

«___ . swine lu, 633 

---ventllttiion of. 084, 

030 

-water supply of. 

085. 086 

Damp and disease, 177 . 

! -course, 184, 718 

i — exclusion 188 

i - sol). 178 

Dangerous buildings. 599 
machinery, CM 

-trades. 082. 089, 090 

Daniel) s faygrumeter, 21 
Dame) grass. ;0t * 

Davyhuhne baoierlvbecta. 824 
De OuMunont ■ formula for venti¬ 
lation, 204 

De Mcfivre's hypothesis. 740 
De novo hypothesi 869 
Dead, dispel 829 
exhumation of, 886 
i)elf ohUdren. aehoolt tor. 218,. 269 
Death, causes of. Te.) 

-returns. 677 

Death-rate, 786. 780 781 

-age and, 787 740, .744. 78t» 

TCffi 

and den'lty of popoiiL^ofi, 
197,787 V, 
oaloulatlon of, TiU 
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Dwth'iata, c&ac«r, 789 
—— oonected. 786. 741 
—- caude, ftt »U «ges (1871-1918). 
494 

in back-to-back houaea, 188 
Infineaoed br blrth-ratea, 738 
phthUiB. 744 

proffTCMire changres In, 788 

-Beaaoaal curves of. 761 

-sex and. 787. 789.740,760.761 

standardized, 788, 741 
—— at. Bses, England and 

760 

—— urlaan and ru»l. 787 
—— zfiuotlo. 788 
Death-rates from epidemic dis¬ 
eases, 493 

—- —— table of, 494 
Deaths at all ages, statistics, 760 

-dallf average of. 820 

-registration .of. 877. 788 

Decomposition organisms In soil, 
178 

Default of 8.A.. procedure in case 
of. 601. 642 

Defective children, schools for, 218. 

259. 686 
Delhi boll. 626 
Demodex foUiculorum. S62 
DemoUtfoa of Ullolt works. 719 
Dengue, 526 

Denltrldcatlon onranlsnis In soil, 
176 * 

Deosltv of population as affecting 
mortalitv. 197. 444. 737 
Dental clinics in schools. 288 
Deodorants. 688 
Desks in schools, 221 
Destructors, 807 
Dew-point. 21. 23 
Dextrin. 162 
Diarrhosa. epidemic, 444 

——-age and, 448 

-s-bacterlobgr of, 449 

-causes of, 460 

— -density of population 

and, 444 

—— —— earth temperatures and, 
446 

—— — flies aad< 447 
—— food and. 447 
—— fbul air and, 446 « 

—» —— incubation period of, 

449 

lack of cleanUness and, 
446 

— —— of ventilation and. 

445 • 

—' maternal neglept and, 


Diarrticea, epidemic, meat-polson- 
imi and, 107 

-milk and. 146, 447 

—^ mortality <rf. 444 
-previous health and. 449 

— ——• rainfall and. 446 ’ 

- season and, 449 

-sex and, 449 

-social position and. 447 

—- —— soil and, 448 

-—- temperature and, 446 

—— urbati conditions and. 
448 

-water and, 92, 446,447 

— •— wind and. 447 
Dlbdln's treatment of sewage. 828 
Diet, animal, 104 

—— disease and. 104 
——> essentials of. 96, 99 

-vegetable, 104 

DietariM, 97 

— calculation of, 99 
Dines' hygrometer. 22 

-pressure anemometer, 88 

Dlphenylamlne test. 69 
Diphtheria. 418 
—— age and. 422 
—— air and, 421 

-and schools, 244, 423 

-animals and. 420 

—— antitoxin treatment of, 427 
—— —— mortality before 

, and after Intro¬ 

duction of, 427 
—— bacteriology of. 424 

-bovine, suppose, 143 

—— carrlere, 142, 246. 426 
—— compul»ry notlflcatlou of, 
829 

-incubation period of, 422 

-locality and, 420 

-milk and, 142. 421 

-mortality of. 419, 427, 781 

—— prevention of, 424 
—-- season aud. 419 
—* sewer gas and. 421 

-sax aud. 422 

-water and, 421 

Diploooocl. 866 

Diplococcus meningitidis intracellu- 
laris. 486 

— of fthokel, 464 
Disablement beMflt, 661 
Disconnection chamber. 288 

— from drain. 288, 716 

-from sewer, 288 

-of waste-pipes. 292 

Disease maps, 586 
Diseases oommtm to man and 
lowerjMihnais, 862 
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DjaeMes. ooncurreuoe of, 302 (foot- 
DOt«) 

ctmtagioui, 869 
—^ ^fse of. 868 
—• dfetarf, 104 

-.-'endemtc, 860 

—- epWemlc, 861 
—for which Bchools muat be 
olOfled, 229 

— In enny. prevention of. 609 
-infectious, 366, 595 

—~ hospitals for. 266 

—— —— In schools, action to be 
taken in. 288 

—- —^ prevention of, 527 
-Inoculahte. 869 

— malarial, 509 

—non*notifiable. information as 
to. 237 

QOtiflabie. enumeration of, 529 
—— —— Instructions to teachers 
and parents, 285 

-investigation of missed 

cases in schools, 284 
——-L.Q.B.’8 weekly sum¬ 

mary of, 579 

--— temporarily or locally. 

529 

-notlflcation ok 5^ 

of doubtful nature, infoma* 
tion as to. 237 

-l«mdemic, 361 

—- spwlric. 866, 885 

— -protection in, 876 

-teihiric. 178 

— trwical. 495 
DistofectantSiStandanilEatlon of.557 
Disinfecting apparatus. H.A, to 

provide, 641 
Disinfection, 544, 641 

-by air and sunlight, 644 

-by fumigation. 553 

-by heat, 545 

—- by hot air, 649 

-by steam, 648 

-by ventilation, 656 • 

-chemical, 660 

oompulsory. 596, 608, 641 

-in ships, 702 

—— Of rooms, 646, 668 

— of sick-rooms, 637 

—— latisfactory. 651 s, 

Dlipensailoo. luberculoslt, 478 
'Disposal of ashes and houseiiold 
refuse, 284. 802. 807, 604. 
610.718 

ot sewage, 816. 628 
—— of the de^ 829 

of tmde refuse, 807. 624. 721. 
728 


Disseminated tuberculosis. 465 
DlsUlhitioo 6t wa^, 61 
Distoma bepatlcum. 108, 846. 
846 

Distribution of water, 40 
District Oonncils. 616 
Districts, union of. for sanitajrr 
purposes. 601 

Disused Buri^ Grounds Act. 886 
Dochmius duodeuaiis, 847 (foot> 
note) 

Doecker huts, 274 
Dog-mussiiug for^fhbies, 487 
Dolcmith ansemia, 849 
Dobmite (tee Magnesian limestone) 
Domestic factories and vorkshmu, 
669 

Drainage. 173, 284 
—— bye-laws as to. 606, 728 

-compulsory, for every house, 

686 

-districts, special, 601 

— effluvia (set Sewer gas) 

— ■ »of wwsheds, 686 
—— of schools, 224 

—— of slaughter-houses, 720 

-of subsoil. 173. 291 

-rain-water sjetem of, 290 

—— wast^-water system of, 291 

-wat<a>clo8et system of, 296 

Dniins. construction of. 286. 715 

-definition of, 591 (footnote) 

-dimensions of, 287 

—-> disconnection of. 288, 716 

——• laying of, 286 

-school, 227 

-testing of, 296 

-trapping of. <286. 287, 715 

» ventilation of. 287, 286, 71 
Draught, velocity of. 203 
Dry and w t Imlb hygrometer. 2 : 

-earth closete, 803 

-beat, disinfection by. 5h9 

-rot, 185 a 

—systems of excreta disposal 
802 

Ducat's treatment of eewage bac¬ 
teria, 324 
Ducker huts. 274 
Dumb-weUs, 816 
Dumtion of life. mean. 746 

-probable, 744,76 

Dust in air. 6, 8 
Dwelling-boQsee (sm Bouses) 
Dysentery. 624 

-asylum, 628 

endemic, 624 
epidemic. 624 

-venolnous, 6Si 

' —~ water and, 08 
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Earth borial, 829 

-doaeta, 303. 806 , 709. 717 

-In Kshoote, 225 

-tamperaturw, 19, 171 

thermometers. 20, 171 
—— {see oljo Boil) 

Eavee-ffuttets. 699 
Eberth-OaSkf badlius. 7.170, 440, 
661 

Echinococcus, 844 
Education (C%oi6e of Emnloymeut) 
Act (1910). 291 
Elementary (Blind and Deaf 
Cl^dren) Act (1993), 
257. 259 

—*-(Defectlye and Epileptic 

i' Qiildiea) Acta (1909 
and 1914). 267. 269. 
260 ^ 

(Piovldon of Ueais) Act 
(1909), 261 

Effluents, sewase, 809 * 

-— trade. 42. 309, 827. 923 
SgKS, 167 

-compMitlon of, 100. 167 

— preservation of, 167 

-testa tor, 167 • 

Efrptlao chlorosis, 349 
Shiiich’s Bide-chain theory, 379 
Electric anemometer. 84 
Electrolytic process. 319 
Elementary Education (see Educa¬ 
tion) 

ElepbaotlasU, 861 
——“ arabum, 8^1 

-inwcionun, 619 

EmplomsQt of Chlldieo Act (1908), 
281, 990 

Endemic diseases, 890 

-drsentery, 624 

Sofllih bond, 189 

-Ufe-taWe, 762 

Sotamceba. 889 

-histolytica, 888. 624 

tetragena. 888, 624 
Enteric fever, 482 

— --s«e and, 488 

— -air and, 484 

—— ——• and schools. 260 

—• at Beverley, 484 I 

—— — at Cambiidee, 436 

— —~ sc CJalerham, 484, 440 

-at Ouildford. 484, 440 

--at aitehln. 484 

——-at Houghton-ls-Sprinj, 

484 * 

——-al Etnc i JifOD, 486tf,|| 

-— — at Ictpile. 177^ 


Enteric fever at Linooln, 486, 489 

-at Maidstone, 486 

-at Munich. 177, 438 

— —— at Nottlnghtun, 805 

-at Eedhai. 484 

-at Uxbiridge. 484 

— — at Winchester, 127 

-at Worthing, 434 

—— — baciJlurla In. 489 
-bacillus of. 7. 176, 440, 

651 

-oarrleiB " of. 142, 488 

-—— compulsory notlfloatlon 

of, 629 

-flies and, 487 

-—~ food and. 486 

-—ground-water and, 177, 

438 

-immunity from, In 

European War, 448 

--incubation period of, 

440 

-— Infection of, 439 

-Inoculation against, 442 

— -InaanitaUon and, 437 

—■ — Jocality and. 438 

-milk and. 141, 489,440 

-morally of, 432, 761 

-oystlw and, 127, 437 

-season and, 482 

-serums In, 442 

■—*- sewer-gas and, 487 

— —— sex and. 488 

-—— soli and. 488 

—— —— vaccine in. 442 

— —— water and, 93. 484 
EnteritidiSschange," 91 

Enteritis epidemic, 444 (footnote) 
Entry upon private premises. 698 
Enxymes, 890 

-in milk, 184 

Epl(temic diarrhoea (ss« Dlanhcea, 
epidemic} 

- diseases, 891 

- s — umusi dsatE-yatcs of, 

493. 404 

-inves^tlon of, 688 

-variation in type of, 868 

——■ dysentery, 624 

-enteritis, 444 (footaots) 

pneumuola (see Pneumonia, 
epidemic) 

-roseola, 410 

Epidemics, milk. 141. 146. 606 
water, 92, 49? 

Epidemiology, factori 861 
Epileptic chlklten, s^iooli forjilO, 
» 269 • HI 

Efiuifex disinfector* 649 
|pudtenzlejq>nytf,.666 



IKDBX 


m 


Bitot to fioor, lft8 
—— in nre. l«l 
Biror. maxlmuDi. 758 

-mean, 767 

<rf meac square. 758 
—— possible, 768 
—— probable, 768 
ErTsipelas. 42d 

—— compulsory notification of, 
629 

Erythro-graoulose. 16£ 

Esfflarob’s method of disinfection. 
646 

Essential oUa as antiseptics, 668 
Eucalyptus globulus, 171 
Euphorbium. 141 

Btiropean War. enteric fever in. 443 

-health of troops in. 691 

Evapontion. 26 
— from leaTes. 170 
Exanthemata. S63 
Exdasion from schools (see Sdiools. 

exclusion of children from) 
Excreta, amount of. 316 

-destination of. 303 

-disposal of. 302, 315, 687 

—~ removal of, 302 

-different, systems of, 

oompared. 804 

--economic advantsges of 

different systems com* 
pared, 306 

---hygienic advantaga of, 

different systems com* 
pared, 804 

-value of, 816 , 

Exhaustion U^ry of prot^tlon. 
877 

B;diun»tloo, effect of. on health, 
881 

Expectation of life, 745. 748 
Expired aJr, composition of, 9 
-—— volume of, 192 


F • 

Factories, 608 

'1.1 I accidents in, 686 

age lestrlotioQS and, 686 
al^spaoe In, 072 
oeftlfylng lurgetme tor. 078 
cleanliaeis to. 071 
-—** deitoitlon of. 068 
domestic, 009 

- emi^yineot of women to, 
after cbU^blrth. 080 
~ escape (tom la fire. 078. 707, 
729 

—— Hoots of, 070 

humidity of al^ to. 075 


Faot<vlee, lighting of, 075 

-non-toxUIe. houre of emplor 

ment for women and ^Sg 
persons In, 066 

-safety precautions to. 678, 685 

—~ sanitary aooommodatiou of, 
60S. 676 

-temperatore of, 674 

-tenement, 689 

-textile, hours ot employment 

of women and young per* 
sons in, ea& 

—ventilation of. 591, 072 
**— working hours and Intervals 
lu. 686 

Factory and Workshop Acts (1901 
and 1907), 677, 668, 676 

-Ingpectots. 668, 670 

Facultative anaerobes. 370 

-parasites. 369 

Fairs, bye-laws as to. 706 
Famine fever. 616 
Fans, ventilating. 199 
Farcy, 487 
Fats. 96 

-composition of. 117 

-to butter, 153 

-to milk. 181. 188 

Favus, 866 

Feeding of school children. 261 
Fellmonger. definition of, 727 
Fermentation of milk, 185 
Ferments to milk, 134 
Ferrometer, 319 

Ferrous suipbate as disinfectant, 
551 

Ferro-sone, 819 
Ferruginous water. 78 
Fever, black water. 526 
Burdwan, 526 
— oerebro-sptoal, 464 
—— enteric (see Buterio fever: 

—— famine. 515 . 

-intermittent. 609 * 

-Malta. 581 

—MedlterranaaQ. 681 

puerpend Um Foenwral terer) 
—— relapsing, 515 
—— remittent, 609 

Boariet (SS4 S<vlet fever) 

—splenic (sss Astlirax) 

——• typhoid (SM Batario fever) 

-typhus (sss Xn^ fever) 

-uadotoot, 581 

-yellow (MS Yellow fovgr) 

Filarla, 861 

banoroW, ttl 

medlneMis fri draoasculus, 
861 

nootumei 851 
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Filter-bedE, 66 
FUten, doroeiitlc, 62 
FiUb>condit4ona and dlseoee. 861. 

424. 486. 446. 472. 488. 604. 626 
Filtntloo of sewage. 320 
—•— Intermittent, 320 
—— of water, domeetlc. 52 

-public. 65 

Flltie Rapide, 53 
Flnsburr. death-rat^ in. 107 
Fire, means of escape from, in 
factories an^ workshops, 678. 
707. 720 

Fire-damp (see Marsh gas) 

Fires, gas. 200 

-open, 207 

Fish. 126 

-and disease, 126 

-composition of. 100 

—— preservation pf, 126 
Fission fungi, 366 
Flagellates, 838 
Flaglnac reaction. 62 
Flavine, 658 
nemlsh bond. 166 
Flies, infection by, 357 
Floor of factories. 676 
Flour, 157 41 

—addition of substitute cereals 
to. 160 

-adulterations of. 168 

-analysis of. fss 

-composition of, 100, 167 

-examination of, 168 

Flukes. 846 
Flush closets, 297 

— -to schools, 228 

—— tanks. 204 
Flushing of closets. 208 

-of drains, 204 

-of sewers. 809 

Fogs, cause ot, 21 (footnote) 

Food. #16 

-and disease, 104. 447 

-and Drugs Acts, 182.616,617. 

619 

-and health. 168 

-animal. 104 

carbohydrate, 96 

-claaslflcatlon of. 05 

composition erf, obemlcal, 100 
—ControUer. 169 

-daily amount of, for cblldxeu, 

101 

— . for mso, 101 

-- —. for womeu, 101 

-fatty. 96 * 

fuel valus of. 98 
nitrogenous, 96 
poisoning, bact^h 108 


Food Poisoning and caniei*, 125 

-Gaertner‘8 bacillus and, 

112 

—— premises, sanitation of. 660 

-salts as, 97 

-to economise. 104 

-unsound, seisure of. 122, 596. 

605 

-v^etable. 104 

-water as. 97 

Foods, relative values of, 108 
Foot-and-mouth disease, 140 
Forbes and Price’s process, 819 
Forchammet's oxygen process, 84 
Forecasts, weather, 82 
Foreign meat, inspection of, 121 
Fore-milk, 181 

Formalin as disinfectant, 562, 568 
Formic aldehyde vapour os disin¬ 
fectant. 554 
Fortin's barometer. 26 
Fosse mobile, 301 

-permanento. 301 

Foul air and disease. 194 
Fowler on contact lieds. 825 
Frankland's combustion procetm, 82 

-filtration process, 18 

Frledlilnder's p^eumobacUlus, 468 
Fruit-pickers, bye-laws as to, 705 
Fuel value of foods, 98 
Fulham Hospital and smallpox, 886 
Fumigation, 668 


G 

Gaeruer’s baclllua, 62. Ill 
Gametes, 618 
Garget, I4(b 
Gas fires, 209 
lighting, 104 

-washings, 689 

Gases In air, 1 

-in sewera, 810 

-^n soil, 178 

—— In water, 64 
Gastric catarrh, 444 (footnote) 

-plague. 606 

Qaatro-enterttls. 444 (footnote) 
Gelatin as food, 96 ifootoote) 
(teneral Power#’Acts (se« London 
Oounty Oounoii) 

Geological formations, 180 
Geometric in '-i. 765 
Germ theory of disease, 864 
German measles {$te Bdthsln) 
Germany, effect of ravaoolnatlon In. 

OlaUwr'g'teUes, 24 
OlaodRs, 487 ' 
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Olawow, smatlpox at. 887 
Gloufna palpaUs, 628 
Gloucester, smallpox at. 886 
Gluten In flour. 157 
Oiroerinated oaif-irmph. 401 (foot* 
note) 

OiyoerlD barometer, 29 
Goddard, Mauey. and Warner’s 
disinfector, 646 
Goitre. 76. 93 
Golgi, cycle of, 618 
Gonococcus, 482 
Gonorrbcea. 482 
Gordon's process, is 
Ooux closets. 803 
Graham's law. 5 
Granite, permeability of. 174 

-sites. 180 

-water from, 180 

Granulose, 162 
Gravel sites, 180 

-water from, 180 

Graves, 880. 881. 332. 726 
Graveyards (see Burial groauds) 
Grease teap. 263 
Greenwich factors, 24 (footnote) 
Qregarlnes, 839 
Ground air, 178 • 

-exclusion of. from houses, 

188 

-water, 172 

—— and disease, 177*9 
Guano, native, 819 
Guildford, enteric fever at. 484,440 
Quli>ea*worm. 59, 861 
Gullies, 292. 307 . 

Qymnamcebte, 836 


H 

HiemamoBba, 611 
Hematozoa, 808 
Heematurla, intennittent, 345 
Heemocytozoa, 611 • 

Btemopiotozoa, SS9 
Haffkine's cholera vaooine, 600 
—— plague vaccine, 607 
Haldaoe'i method, 14 
Halibut, poisoning by, 126 
Handloiaft classes in scdsools, 218 
Haptopborus element of toxins, 
860 

HardneM of water. 78 

» disadvantages of. 79 

-——* pwmanent. 78 

tra^tary, 78 
—— ■— tests for, 78 
Harmonlo mean, 765 
HealUi affected by food. 168 
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Health insurance (see National ln> 
Buranoe) 

-of communities, statistical 

evidc'ice of. 741 

-of Munitions Workers Con* 

mittee, 687 

Heat, disinfection by 646 

-value of foods 88 

Beating by fires 207 

-by hot air, 210 

-by pipes, 211 

-by stoves, 2itt* 

-of hospitals, 265 

-of schools. 221 

Height of rooms. 196 
Hendon disease, 143 
Herbage, and temperature of soil, 
171 

Uermito process, 819 
Uerpetomonas, 626 
Hesse’s process, 12 
HUie's process, 819 
niackes*Blrd ventilation. 2ou 
HItchin. enteric fever at, 484 
Home isolation, 630 

-work. 681 

-Order (1911), 681 

Hooke’s ^emometer, 88 
Hopper oftseU, 297 
Hop*pidcei8, bye^larra as to, 706. 
729 

-closet accommodation for, 

729 

-cooking-plaoes tor, 729 

-premises of, 729 

-area of, 729 

-bedding In. 7M 

— -cleansing of, 729 

—- —— water supply of, 729 
Horseflesh, 116 (footnote) 

-sale of. Act to regulate, 623 

Horsley’s test, 69 
Hospital Isolation, 696 ^ 

Hospitals. 264 

-arrangement of beds bi. 265 

construction of, 264 
cubic space in, 266 
—— floor spaoe in, 265 

-heating of, 265 

—isolation (#e< Isolatioa hospl* 

telff) 

-mlUtary, 700 

-venUlaUoQ of. 866 

Hot air, dlslnfeotlOD by, 649 

— -warming 810 

Houghton-le*^ng, enteric fmr. 

at. 484 

House oistems, 60 
deansing, 688 
drainage, 686 
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House icfaw, remove of. 284, 802. 
807, 604. 700 

— sanitation, 182 
Household efSaeots, 308 

—_ -bye-laws as to. 707 

-test for carbonic acid, 16 

Houses, back-to-bsck. 188 

— construction <rf, 188 

-bye-laws regain*. 718 

-Insanltatlon of, K7 

—— inspection of, 218, 719 

-Interior ct 180 

let in kKnrtngB, bye-laws re¬ 
garding. 216, 600. 705. 

-lighting of, 212 

-misuse of, 858 

shortage of, 667 

-site/ of, 182 

— unfit for habitation. 657. 
710 

-yentltotlon of. 162 

■— water supply to, 100 

- (see alio Tenement iionsee) 

Housing, bad, evidence of, 667 

-CommlSBloD. 1886, 656 

-(Inspection of District) Eegu- 

latiODS (1010), 665 

-of the working cUCoes. 666 

--Act. {1800). 668. 

668 

- (jjOoj, 662 

-(1908), 662 

—— Question. M7 

-Town Planning, etc.. Act 

(1000), 180. 668 
Houston s tests . for B. coU, 62 
Humidity of 20 

-—- In factories, 676 

-relative, 24 

-of soU. 171 

Hydatids. 844 
Hydrants, 49 

BydrfiiUo mean depth, 818 
Hydrophobia (sm Babies) 

Hyglens, military. 601. 608 

-naval, 701 

school (see Schools) 
teaching cd. 258, 261. 478 
Hygnmoeten, 21 


I 

los-eream and Infection. 148 
lUidt works, demcdltlon of, 719 
IlOffvay's sohitioa for BiMtcs,^70 
Immnnlty. 881 * 

> aowirsd, 881 
— setire. 882 


Immunl'ty, aitlflcla],i882 

-natural, 881 

——- passive. 882 

-therapeutics of, 882 

Impetigo in scbools. 250 
Importation of Order (1601), 
467 

Improvement schemes, 469 
Impurities of air, 6. 11 

-of soil, 174 

-of water, 68. 881 

Inanition. 106 
Incubation of disease, 862 

— period of acute poliomyelitis, 

400 

-of anttuax, 488 

-—- of epidemic diarrhoea, 

449 

-pneumonia, 464 

-of leprosy, 619 

-of paratyphoid fever, 

448 

-of rabies, 485 

-of sypbUlB, 480 

-of tetanus, 491 

— — (for other diseases, ue 

column 2 of Quar¬ 
antine TaUe, P 
^) 

Index evaporation gauge. 25 
Indian meal (see Malse) 

Industifel poisoning, 682 
Infant life protection. 648 
-mortality. 788. 742 

— -causes of. 748 

-class and. 748 

-decline in, 744 

-rate. 404. 742 

-welfare centres, 681 

Infantile lAralysls (tee Poliomyel¬ 
itis. acute) 

Infhntry measure, table of, 698 
(footnote) 

Infante’ milk depots, 681 
Infe^fed ship, official d^ition 
648 

-ships, regolatloni as to. 

841 

Infection. 866 
•!— by afr, 868. 886 
—— by breath. 866 
—— by contact, W7 

— by desquamated parUclee. 

867 

by excretions. 867 
by exhalations. 867 
—— by flies. 867 
—- by food, 887. 447 
by ipooulatlQo, 856 
—^ ^ Ih^ Utes, Mi 
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IniecUoa br^itlk. 186. 140. 486, 
447. 478. 607. 682 
—— by ratg, 608 

-by secretions, 367 

-by water, 92. 887. 484. 447 

-me^ste, 867 

- of milk, precautions against. 
687 

-periods of various discuses 

(sec column 4 of Quarantine 
I'able, p. 640) 

— (see offlo Bacteria) 

Infectious diseases, 360 

—— %Qd sdiools. 229 

-concurrence of two sepa* 

rate, 862 (footnote) 

— --course of, 868 

-de novo theory of. 369 

-death ftom, 888 

disease maps for. 630 

-dlsinfecUon for, 637 

——' — form of Inquiry for. 634 

-germ theory of, 884 

-—“ hospitals for (see Iso¬ 
lation hospitals) 
-in canal boats, 626 

— --in common lodging- 

houses* 606, 711 

-In inhabited tents and 

vans, 7(^ 

-In tenement bouses, 724 

—— ■ laoubatloD of, 862 

——-Inquiries as to, 684. 662 

—— — Isolation of, 686. 641 
—— —— law regarding, 696 

— --mortoulea for fatal 

cases 4, 698 

' —— NotUoat.on Act, 628, 
677 

-—-Eitenslon Act, 628, 

677 

-preoauttons as to. 685 

—“ Prevention Act. 607 
—■ — prevention of, 627 

•— protective effect off 876 

-register of sickness for. 

686 

—— —— regulations for, 628. 697 
• rubbWi, fllO , . 

Inffuensa, 461 
—— and climate, 462 
—~ and season. 482 
and weather, 462 
badOus of. 463 
epidemics, 461 
fnoubatiofi period of, 468 
—- morWlty of, 468 
Ififueorla, 888 

Inhabited vans and tents, 692 


Inhabited vans and tents, bye<laws 
regarding, 706 
Inoculation of disease. 866 

-of leprosy, 518 

-of small-pox, 882. 891 

- at syphilis, 481 

-of tuberculosis, 471 

—— protective, 378 
Inoivaulc nitrogen, 68 
lusecta. 841 

Insects and disease. 867 
Inspection chamber 288 

-of cattle In aalrieB, 684 

-of houses. 218. 728 

-of meat, 119 

-- methods of, 120 

-of school children, medical. 

262.266,267 

-provldons tor, 

264 

-of slaughter-houses. 720 

Inspector of Nuisances (see Sani¬ 
tary Inspectors) 

Inspectors. Meat, 120 

- of Factories, 668, 670 

-Sanitary (les Sanitary In¬ 
spectors) 

iDSuiauce Act {see National Insur 
au8e Act) 

-C)ommltteee (National), 661, 

662. 688. 654 

—Societies (National}, 661 
Interceptor. 28? 

Intement. power to provide f<w 
and enforce, 609 

- {see also Burial) 

tntennlttent fever. 609 > 

-filtration, 820 

— bsunaturia, 846 

-water supply, 80 

Intoxicating liquors, ohildieu and, 
649 

Iron hospitals. 274 

-processes. 819 

-salts in water. 72 

-— — tests tor. 78 


-sulphate of. M disintootant, 

661 

Irrigation, broad, 811 
—— subsdl, 816 
Iso1)ar8, so 
—> straight, 81 
Isobels, 19 (footnote) 

Isolation, home, 686 

-Hospitals Act (1608). 28). 

-{IWI), 288 

—*T — ccanpuMory mavni to, 
278, BM 

-oost Of, iri, 681 

— — detention la, 810 
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l0o!«tion hospitals, different troes 
of. 268 

-district, 698 

—— — effect of Isolation in. 

276 

—— —— essential parts of. 267 

-number of beds tii. 

271 

-permanent and tempo¬ 
rary. 274 

—-removal to, 536 

—_ —Vj^mpulsory 263. 

596 

—— smallpox, 267 (footnote) 

-In hospitals, advauti^es of, 

536 

-Of infectious diseases. 641 

Isonephs, 49 (footnotes) 

Isotherms, 19 
Itch, 852 
Isal, 552 


J 

Jaundice, toxic, 684 
Jenner and vaccination, 391 
Jeyee' fluid. 552 

Jolut boards for Banitary purposes, 
601 

Jordan’s barometer. 29 
-sunshine recorder, 19 (foot¬ 
note) 


K 

KaeuU'Lloyd formula. 16 
Kala-asar, 526 

Keeling’s device for sewer veutila* 
ttOD, 812 

Kemp's tester, 296 
Kepl^, 186 
KemJg's sign, 455. 459 
Kew barometer, 27 
Kilmamook. smallpox at. 393 
King’s Lynn, enteric fover at. 
436 

Kiogsett's tester, 296 
Kitchen arrangements for army, 
698 

KJeldahl'i combustion process, 83 
Klabs-Lofler '^jacillus, 189. 418. 
424. 555 

Khadeers’ yards, 600 
Kodi and bovine tubeioulcels. 474 
Kodk's experiments wltl^ cholera 
microbe. 600 
plate oiUtlvattOQ, 18 
Koumiss, 186 


L • 

Labour Exchanges Act (1909), 261 
Lactalbumin In milk. 131 
Lactic^aeld fermentation. 135 
Lacto-globuliu in milk, 131 
Lactometer. 138 
Lactose (see Milk-sugar) 
Land-fllten for sewage, 321 
Lard. 157 
Latrines, 695 
Laundries, 679 
Lavatories In factories, 677 
Laveran’s bodies, 511, 

Lawrence's cooler. 150 
Lead in water, 73 
—— tests for, 77 
Lead-poisoning from water, 76 
—. Iiidustrlal, 682 
Leffmann-Beam process, 166 
T,egmninosu, 161 
Leipsic, enteric fever at. 177 
Leprosy. 616 

-bacillus of. 619 

— clinical c^ractew of, 519 

-Commission In India, report 

of. 520 

-ash dlet#nd. 617 

-general conditious of, 617 

-heredity In, 618 

> incubation period of. 619 

-Inoculation of. 618 

■ Isolation in, 621 

-prevention of, 621 

Leptothrix. 867 
Lice. 868 

Lierour's system, 802 
Life, expectation of. 745. 748. 762 
probable duratJon (rf. 744 
-table7746 

-—— EagUah, based upon 

mortality statistics 
(Taibam). 1891-1900, 
762 

LlgtfUng of cowsheds, 684 

-of factories, 676 

>•>— of bouses, 212 

-of schools, 219 

Lime, chloride of. as disinfectant. 
568 

—— salts In water, 71 

--test for, 71 

-treatment ot sewage by. 819. 

820 

Lime-ioice, 106 
Limestone, 66, 67, ISO, 188 
Lincoln, enteric fever at. 486, 
489 

pss«do-soarlst fever at, 141 
Lineit clothing, 646 (footnote) 
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Llngner's disinlector, 654 

Living oq^nlsms In water. 69 

Local Education Authorities and 
medical (reat* 
meat of school 
cblidren. 257 ; 

---(Medical Treat- 

inent) Act (1909), 
258 

-Goveriunent Act (1888). 560. 

613. 624 

-(1894), 94. 680. 

614 

—-Board Memorandum &s 

to Dotiflca- 
tlon of 
deatiia, 577 

—. — to ceme¬ 

teries, 331 

---ag to meat- 

ooieoni n g 
epidemics, 
124 

-as to mortu¬ 
aries, 726 

—— —— —— —— as to sdiool 
closure. | 

» 229 i 

-as to school, 

drainage, i 


224 

• -as to slangb- 

t«^houses, 

721 

- — as to water 

• supplF, 98 

■ Orders in relation 

to 560, 

562, 566, 567, 
670. 676. 677. 
678 

■ Kegulatious as to 

canal 
boate. 626 

• -aetochotera. 

641 

• -as to epl 

demlc dis 
eases, 684 
641, 697 

-as to Infec 

tious dis 
eases. 634 
697 

. —— M to plague 
641 

.M to noall 
pox hoi- 
pllala. £67 
(tootaote) 


Local Government Board Begula- 
tlons as to vet- 
low fever. 841^ 

-Heport on Isoiia- 

tion hospitals, 
276 

--—-weeklr summary 

of uotlhable in* 
fectious diseases, 
679 

-(Emergency Provisions) 

Act (1»1^). 703 
Lockjaw (see Tetanus) 

Lodgers, number of. in cominou 
lodging-house, 710 
Lodging-houses, common. 216, 590, 
605. 706, 710 

-for seamen, bye-laws, 705 

-for the working class, 661, 

662 

Lodgings, bouses let in. 590, 705. 

722 (see also Tenement houses) 
Lollum temulentura, 161 
Loudon Building Act (1894), 188, 
643 

-County Council and bye-laws, 

642 

- S — General Powers 

Act (1902), 
149 

-(1907), 187. 

260. 648 

-(1908), goo 

-Public Health Act (1891). 

192. 528. 636. 639. 638 

-smallpox in. 896 

-water supply. Acts governing. 

94 

Lustlg’s plague vac(6ue. 506 
Lysol, 552 


M 

McEinneit’s ventilator, 202 
Hacrogametos. 613 
Made soil. 174. 179 
Magnesian limestone, 71 
Magnesium salts in water, 71. K 

-tests for. 72 

Maidstone, enteric fever at. 486 
Malgnen's Filtre Bapkte, 68 
Mains, water. 49 s 

Maize, 161 ., 

-composition of, 100 

—r starch. 168 
Malaria, 177, 609 

-etiology of, 611 

generd fondltioos of. 610 
mosQUitoei anA, 612 
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MAlMift, PMMltM Of. ftU. MS 
—— prevention of, 616 
U&ilxnant oedema, bacUliu of. 176 

-puatule Anthrax) 

Halt Itquore, 164 
Malta fever, 621 

Mandiaeter. sewage treatment at, 
826 

Manholes, 800 

Manufactori^. efSaeuts fioui, 42 
800. 628 

Uanurial vahitof sewage. 316 
Mapfl, 676 
-dlBeaae. 686 

Haragllano's antitulierculous serum, 
471 

Marble, permeability of. 174 
Margaiine, 164 

-Act (1887), 621 

-(1907). 622 

-composltloB of. 164 

Mariotte and Boyle’s law. 6 
Haricete, bye-lawi as to. 706 
Marl. Bltee upon, 130 

-water from, 181 

Harmorek’s antituberculous serum, 
471 

Marsh gas in air, 3 

-in water, 60 

Marsb-Betsellus test, 167 
Martln-Clilck test, 668 
Mastitis bovine, *140 

— — suppurative, 146 
Maternity and child welfare, 681 

benefit. 662 

-welfare centres, 681 

Maximum thermometer. 17 
Mean after*llfetlme, 746 

-age at death, 744 

-arithmetic, 766 

-duretlon ol life, 746 

- enor, 767 

-seometrlc, 76fc 

-^anwmlc, 766 

-ouadratlo, 766 

-successive, 767 

Means and avenges, 766 
Measles, 406 

-age and. 406 

— and scarlet fever compared, 

409 

and schools. 246 
characteristics of, 246 
-cmnpulsory ooUficatJon of. 682 

— Geman, 410 

- incubation period 408 

infeoUon oL 408 ' 

Inooolatlon of, 407 * 

Isolatlott period of, 408 

— mallffnant, 407 


Maesles. mortality el. 400 

quarantine period 408 
registers, 499 

-season and, 406 

'* Measles " in swine, 343 
Meat. 107 , 

-and disease. 107 

-composition of, 100 

• -cooking of, 119 

I - deoomp(»itioii of, 124 

-foreign. 121 

-good, characters of, 116 

-inspection of, 119 

-Inspectois, qualifications of, 

120 

-- mouldy, 124 

-nutritive value of. 107 

-parasites In. 108. 111. 1)7 

-poisoning. 107, 124 

— -carriers and, 125 

-Inquiry into outbreaks 

of. 124 

-prevention <tf. 118 

-preservation of. 117 

-tuberculous. 118, 478 

——— aeljrure (rf, 114 

unwholesome, classification 
of. 128 

-sellure of, 122. 606 

Mechanical ventUation, 206, 207 

-worit done by food, 102 

Medical benefit. 651 

— —— administration trf, 668 
—— inspection of school children. 

252, 264. 266 

-Offloer frf Health, 669 

-- — and auxiliary agen- 

dee. 680 

-school offloen, 

^ OD>ordinatlon of, 

282, 286. 667 

-and sources ol in¬ 
formation, 677 

-—“ appointment at, 

• 669. 600, 641 

-Ctounty, corordina* 

tima wiA 
8JC.O., 667 

-—dtttlesof.667 

-- —- diagnosis by, 286 

-—— duties <rf, 662 (SM 

i:‘- olscC3»pe.xtUi. 
and xxli.) 

-—— qualifications of, 

660 

— —«roporte for. 670 
-of. 864. 670. 

071 

--- —. fnitaj of.' 668 

suspensioo of, 601 
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Uedlcal Oflcei) ol Health, tenara 
of office of. 560 

——-School (see School Med!- 

cal Officer} 

praotltionera, etatutonr duties 
of. 570 

• treatment of school chiidien, 
257 

Meditemuiean fever, 621 
MeoUifitls, cerebro-sploal (see Cere* 
bro>spiual fOver) 

-tuberailouf, 474 

Menimrococcus, 456 
Men’s workshops, 669 
Mental Deflciencjr Act (191S), 267. 
260 

—— —— — provisions of. 664 

-(Notlflcatlon of iiaiildreD) 

BeguiatioQ (1014), 656 
Merchant Shipping Act, 701 

-—— (Pishing Boats) Act, 

(1833). 705 
Mercurial barometen. 25 

— poisoning, 684 

Mercuric (Stiorlde os disiofectaut, 
552 

-iodide as disinfectant, 552 

solution lu water ana¬ 
lysis, 81 

Merullus lacrimans, 135 
Metamorphlo rocks. 180 
Hetohnlkoff's theory of protection, 
877 

Meteorology, 17 
Methane in air, 8 
—— in water, 66 . 

Metropolis Water Act (1871). 94, 
191 

Mews, 216 

Meyer's disinfector, 549 
Microbes (see Micro-ojvanisms) 
Hletocood, 866 
—— pathogenic, 867 
Mtoroooeous melltonsis, 522 
—nre*. 367 • 

■ Tlieosus. 186 
UicrosKDetes, 513 
MloroorfanJiint. 866 

attenuation of vlnu of. 872 
—- cultivation of, 870 
•— —— at high temperatures, 
372 

—— —— In preeenoe of inhlMt* 
ory reagents, 878 
pathogenic, 867 
“ products of, 869 
—X* sabunltures of. from old cui- 
tuns, 872 . 

— (lev also Bactoria)'| ’ 
illciospotwi audoolnt, 865j 


Ulcrospcron hufur. 855. 868 
Middens. 802. 805. 806 
Middlesbrough, pneumonia at. 468, 
464 

Midwivea X<A. 610 
—^ and Qotidoation of oph¬ 
thalmia neonatonnn, 629 
(footnote) 

-notiflcatlon duties of, 618 

-(Scotland) Act, 612 

—— training of, 612 

- (M also Ortial Midwives 

Hoard) 

Military (see Army) 

Milk. 180 

-adulteration of. 182 

-and Dairies CJonsoUdatlon Act 

(1016). 627 

—" and dlse^, 140, 421 
—— bacteria in, 184, 189 

-composition of, 180 

condensed, 161 
control of supplies of. 149 

-depots for infants, 681 

-dried. 151 

— epidemics, 140, 607 
—— —diaractertetlcs of, 146 

-examination of, 138 

--Bhcteriological. 189 

-for fat, 138 

-—— for preservatives, 189 

--lor toUd eoilds, 138 

-for water. 138 

-fermentation of, 186 

-ferments in. 134 

-human, compared with cows’, 

181 

-manipulation of, 183 

-of country-fed oovps, 180 

-of town-(^ cows, 180 

-pasteurlsatlou of, 152 

-pathogenic organisms Ij, 

186 . 

-precautions against contemi- 

nation of, 687 
preservation of, 150 
—— preservatives In, 188, 189 

-prohibition of sale of. 607.688 

-reoommendationB of Depart* 

mental Oommlttes on, 
188 

r^lattens for s^ of. 182 
standard tor, 180 

-steriiliatlon of. 161 

-sugar, 181, 186 

-BUppUas, 607 

— - -control of, 149 

—— tuberculoui, 111. 140, 478 
Milk-blended butter, 168 > 
Hiik^ps (tsf Dalles) 
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Hlik>Te«eIf, cleuilng of. 087 
UlUfltoDO grit. 160 
Uiloe B bypotbesls, 746 
Mineral matter in milk. 131 

-salte In water, 65 

Minen' aniemia. 349 
Hines, control of, 068 

-refuse from, 628 

Minimetilctestforcarbonlc aold, 16 
Hlnimom thermometer, 17 
Ministry of Munitionfl and welfare 
work. 687 

Mist, cause dfa21 Ifootnote) 

Model bye-laws, 708 
—— villages, 807 
Moisture of air, 20 
-of soa, 171 

Moncrieff's treatment of sewage 
bacter^, 824 
Mond gas. 3 (footnote) 

Montagu, Lady Mary Wortley, and 
variolation, 891 
Montgolfier's rule, 203 
Morell's ash'Closet. 308 
Moro’s reaction, 471 
Mortality and age, 786, 752 700. 
762 

-and density of population, 197 

- and occupation, 7^50. 753 

-and season, 748, 760, 761 

-and sex. 737. 789, 760, 761, 

762 

— In Army, 700 

—— Infantile (see Infant mortality) 
Mortar, 182 

Mortuaries, 698. 641. 706, 726 

-construction of, 726 

MosQUitoes and malaria, 612 

-and yellow fever, 603 

Mothers, schools for. 681 
Muco<enteritls. 444 .(footnote) 
Mud, penneabiUty of, 182 
Multiple contact bacteria tteds. 324 
Murips. 412 

-and schools, 249 

*— Incubation period of. 412 

— Infection of. 412 

-Isolation period of, 418 

- Quarantine period of, 413 

Uunl(^ enterio fever at. 177, 433 
Municipal (Xirpomtlons Act (1862), 
707 

-milk depots, 681 

Munition factories, welfare work in. 
687 

Musca domestica. 357 
Mussels, poisoning by, 126, 129 
Muullng dogs ter rabies. 487 
Mycelial growths, 868 
Mycosis, mechanical, 806 


Myiasis, 358 
MytHotoxlne, 126, 129 
Myxococcldium st^romyls, 604 


j * N 

‘ National Insurance Act (1911), 577, 

650 

-Amendment Act, 

652 

-— — benefits under. 

651 

Nature) Increase of population, 733 
-—■‘ventilation, 200, 206 
Navy, hygiene of. 692, 701 
-mortality statistics of, 701 

— sjcktiess statistics of. 702 
Necater americanus, 347 
Necks of low pressure. 31 
Negretti's maximum thermometer. 

17 

-recording and electric anwno* 

meter. 84 

Nematbelmlnthee, 341 
Nematoda. 341 
Nesslerislng. 81 
Nessier's solution, 81 
New bulldlDfp in rum! districts, 
bye-laws as to. 225 

— streets and bulidings, bye¬ 

laws as to. 599. 706. 712 
Nlghtshli, deposit of, 709 
Nitrates in soil, 174 
— In water, 68 

-tests for, 69 

Nitrifying organisms In soU, 175 
Nltritw in water, 68 

-tests for, 69 

Nitro-bacteria, 175 
Nitrogen m air, 2. 16 

-in soli, 178 

—— in water, 64 
-inorganic, 68 

— organic, 88 

—« oxidised, in water, 69 
Nitrogen-fixing bacteria. 176 
Nitroi^nomi food. 05 
Nltroso-bacteria, 176 
Nitrous acid. 668 
—— fumes. 664 

-poisoning by, 685 

Non-notifiable diseases (see Diseases 
non-notlflable) 

Norton’s tube well. 46 
i Notifiable diseases (sm Diseases, 

I notifiable, and Notification) 

{ Notification Act (Diseases}, 628 

j — --extension of, 628 

: — and canal boats. 678, 627 
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NotifloatloD common lodging* 
houses, 590 
and tonement^houses, 6T0,724 

-and raus and tents. 670 

compuUK>ry, of Inte^tious 
diseases. 628, 640 

-of Births Acts. 676, 618. 647. 

648, 734 

*>—- of infectious diaeases, advan* 
tages of, (o 
630 

---certillcates of. 526 

- of measles and aerman 

measles. 532 

—~ of ophthalmia neonatoram, 
623 

— of tubcrouloeis. 533 

— returns. 678 
Notifloations in 1016, number of. 

681 

Nottingham, enteric fever at, 305 
—— Welbeck disease at. 108 
Nuisances. 600 

-bye-laws regarding, 704, 707, 

709 

—- procedure In regard to, 562 


O • 

Oatmeal, ooniposition of. 100 
Oats. 161 
Oat*starcb, 163 
Obligate parasites, 866 
Obstructive buildings, 601 
Occupation and mortality, 760, 763 
Offensive aocumulail5uB. 661, 604. 

704. 706. 710. 728 
*-«— materials, storage of, 728 

-trades. 663, 640. 706. 727 

■— —— apparatus in. 728 
—— —drainage in. 728 
—- — doom in, 728 

-— tanks in, 728 

-——- t)T)e8 d, 727 0 

-— vapours of, 728 

—— walls In, 728 

Oldlum albicans, 368 
Oldham, smallpox at. 88? 

Oolite. 180 
Open-air schools, 268 
—>— attendance at, 264 
Open Arcs, 207 

—space around houses. 187.713 

-Spaces Act (1887), 707 

——-bye-laws as to, 707 

Ophthalmia and schools, 260 

neonatorum, oompulsory noti* 
ftcation of. 626, 683 
Opbthatiiiie tOMitloD, 471 


Opsonlns. 878 
Optical tests for milk. 136 
Optimum saturation of air, 26 
Organic matter in air, 18 

-in soli. 175 

-in water, 76 

-1— t«(te for. 70 

-nitrogen. 88 

Organisms in air, 12 

-In soU, 175 

-in water. 50 

Oriental sore. 626 

Orsett Union. 8maft>ox in, 388 

Osier-beds and sewage filtration. 

321 

Osier's anemometer, 83 
Overcrowding, 501 
Oxidised nitrogen. 66 

-tests for, 09 

Oxygen in air, 1. 16 

-in soil. 178 

-in water, 64 

-process, Blair's, 86 

—— —' Forchammer’s, 84 

-Tidy's, 84 

--Interpretation of 

results of. 86 
Oxyuris vemiicularls, 842. 846 
Oystere ln> rdatlon to disease. 

127, 437 
Ozone, 1, 16 


P 

Pabulum theory of protectlon,^.877 
Pail-closets. 303, 306. 300 

-In schools. 226 

Pan closetK, 268 
Pandemic diseases, 861 
Pamlonu. 564 

Paralysis, inhmtlie \.m pollomyel 
I ills, ^te) 

J Panuncecturo. 838 ' 

Parasitee. amoeboidv 368 

•-animal. 388 

-definition of, 866 ' 

-facultative, 360 

-in meat. 108, 111. 117 

-in water, 66 

-malarial, 611, 612 

-obligate, 360 

- of the skin. 362 

-ratable, 866. 868 

-worm, 841 

Paratyphoid fever, 448 

—e-carriers, 448. 444 

Parents, Instructtons to, as to noti* 
fiable diseases, 286 
Paris Congress (1288). 118 
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Pariah coundla, 614 
—— meetlnw, 614 
Farkea and da Cbaanont’a table of 
obaractera of water (inodihed). 88. 
90 

Parotltia im Mumps) 

Particulate matter in air. 12 
Passagea, cleauBlnir of common. 604 
Faateur-Chamberland'a filter, G4 
Pasteurisation. 162 
Pasteui's experiments In rabies, 480 

— filtration‘ifsthod. 18 

— solution. 870 

-vaccine. 872. 486 

Pauper Blckuess returns. 678 
Pavilion type of isolation hospital, 

268 . 

Peas. 161, 

- composltJoD of, 100 

Pea-atarcb. 163 
Pediculosis, 864 ’’ 

Pedlcutus capitis, 864 

-corporis, 868 

—~ pubis, 864 
PeUagra, 161. 622 
Penaltlea, 688 
Pentastomata. 841 
Pepper starch, 163 
Peppermint t^, 295 ^ 

Percutaneous region, 471 
Perforated bricks as ventilators, 
200 

Periodicity of epidemics. 861 
Peritonttis, tuberculous. 474 
Periwinkles. 126 
PerJclo's system. 211 
Perlsudit, 476 

Peimangaoate, alkaline, in water 
analysis, 81 

-of potassium as disinfectant, 

662 

-solutions of, in water 

, analysis, 81. 84. 86 
Persons per Inhabited house, num¬ 
ber of. 738 (footnote) 

Pertussis, 411 

Pestls minor. 606 

Petri plate (^tivatlon. 19, 871 

Pettenkofer'i method. 18 

-observations on snUnio fever. 

177, 488 

PfeUfer's b^lus, 468 
— cooler, 160 

.phagocyte tbeoir of protacUon, 67? 

' Phillips' maximum tbermosMter. 17 
Phosphates in water, 70 
—— —^ test f(ff, 70 ' ’ 

Phosphorus potsonlng. 688 
PhthMs, 177. 466 

sge and. 468 i 


PhUilsIa and 8cbools^249 

-animals and, 118, 474 

—— bacteriology of. 469 

dampness of soil and, 177 
' 460 

dispensary treatment of, 478 

— food and. 473 

-geographical distribution of, 

466 

-Infection of, 471 

— Inheritance and, 468 

— Inoculation of, 471 

-Intemperance and. 467 

-locality and. 466 

-meat and, 113, 478 

-milk and. 186. 140. 478 

-mortality of, 468. 789, 744. 

754 

-notification of, 633 

-occupation and, 467 

-predisposing conditions of. 

407 

-prevention of. 478 

-race and, 468 

-sanatoria for. 270 

-sanatorium treatment of, 470 

-sex and, 469 

-soil and, 177, 466 

-sputum In, 471, 476 

tuberculin in diagnosis of. 
471 

-—in treatment of. 471 

- im also Tuberculosis) 

Pbylloxeia. 107 
Physical dietary, 99 

-tmlnlng, „ teaching of. In 

schools. 268. 261 
Pli>es. Ain, 204, 699 


waier, ftv, /o 
—~ iaet also Brains) 

Plrquet's (von) reaction. 471 
Pla^. 604 
—— ambulant. 606 
—— .bacillus of, 606 

-toxins of, 876 

— bubonic, 608 
—— gastric, 606 

-Incubation period of, 606 

-infected ships and, HI 

mode of infection in, 608 
notification of (tempowy), 
629 

- (pestls) minor, 606 

- pneumonio, 606 
preventkm of, 508 

—regulations (ships), 64] 

—septkiemlo, 606 
r- Miuijk in, 608 
—^ ifmmoms of. 6(M) 
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Plague. trauniiMloD of. bx rati and' | 
nt-UMfl, 608 I 

vaccine in. 607 
Plans of construction. 710 
Plaanodla, 868 . 

plate cultivations, 871 * 

Platrbelmintlifcs. 341 
Plavgrounda of schools, 222 
Plenum ventilation, 206, 220 
Plug closets. 207 
Pluinbism, 74. 03 
Plumbo-eolveucy, 73 

-test for. 77 

Pneumonia, epidemic. 4tii 

— -at Middlesbrough, 463. 

464 

— “ -Itacterlology of, 463 

-incubatJoii period of, 464 ] 

— mortality of, 466 

-predisposing causes of, 

463 

- - - and, 462 

-sex and, 403 

Piicnmuiiic plague, f»6r> 

Pocket anemometer. (.'Hsella's, .34 
Poisoulug, Industrial. 082 
Poisson's fonnuin, 768 
Polarlte. 810 

Police, Factories, elc. (MlsccHaiic. 

ous Provisions) A.ct (1916), 687 
Po]lo.encepbalo-mreIltis (xcc Polio- : 

myelitis, acute) ! 

Poliomyelitis, aente, 466 
carriers of. 4«) 

-W'idemiCB of, 468 

*-incubation period of. ■ 

460 • 

-mortality of. *69 I 

--notification of, 629 ' i 

— --pathology of, 460 

—— preventive measures in. i 

460 

— — symptoms of, 468 i 
Polluted sttes, 604 
Pollution of air, 6 1 

—— of rlveiB, 41.317.606.6SS 
—— of soil, 174 

“ of water. 40, 88. 92. 689 I 
Poor Law, children under. 261 | 
(footnote) ' 

Population. 781 ! 

- actual increase of. 783 [ 

—1 age distribution of, 783 j 

-estimates of, 731 1 

-natural increase of. 788 , 

of England and Wales, 781, ; 

760 I 

--- age-and sex-distribution 

of, 761 (footi^e) ; 

per bouse, 783 ’ 


Population, uriam and rural. 783 
Pork, composition of. 100 
Port Sanitary Authority, 002, 
708 

-- and cholera, 541 

-and 800 

Poj'lCT-dark process, 62 
Portland cement. 182 (focinpte) 
Potassium Iodide solution in water 
analysis. 81, 84 

-permangaiHite {see Pennnii- 

ganate of potassium) 
Potato, 161 > 

-antiscorbutic propertiw of, 

106 

- — composition of, 100 

- - starch. 102 
iVuichet’s aeroecope, 12 
Poudrettc. 304 

Power of entry upon private iirc- 
inises, 503 

PieclpitHtion processes, 817 
Preclpitins, 370 
Preservation of eggs, 157 

-of llsh. 126 

-of meat, 117 

-of milk, 138, 1.50 

Pressure anenionieter. 33 

-atmf|||)ljeric, variations, 29 

Prevention of ciuelty to children, 
649 

-Act (1904), 600 

-of infeclious diseases, 627 

-of nuisances, byo-laws as to. 

704, 707. 709 

-of oyster poisoning, 180 

Private improvement expenses, 601 

-premises, power of entry upon 

698 

-acavenglng. bye-laws as to, 

588. 689. 704, 708 
Privies. 302, 806. 687 

-bye-lawB as to, 709. 717 

Probate duration of life. 744 
Producer gas, carbide oxide In. 3 
Proof spirit. 164 
Propulsion eygteiu, 220 
Piotection in spedfio diseases, 876 

-of Infant life, 649 

-theories of. 877 

Protective inoculation, 873 
Proteiim. 96 

-In milk. 189. 181 

Proteus bacteria. 61« 62 

-vulgaris, MO 

Protoxoa, 888 

Pseudo-diphtheria bacUIui. 428 
PubQc Analyst, 618 

-conveniences, bye-laws aa to 

707 
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Pul^io He&Ith i-ct (1875). 84. 180, 
478. 530. 538. 
577. 686 

- 1896), 602 

-Act* Amendment Acts* 

(1800 and 1007). 260. 
603. 005 

-- — (Food and Meat) Resu- 

Jatioue (1808). 121 
. ... (Foreign M<at) Regula¬ 
tions (1908), J21. «4<i 

--- (Fniit.. itickew) Act 

dtti), 706 

--(Interment#) Act (1879). 

333. 706 

— --(Loudon) Act (1891). 94. 

192. 528. 636. 530. 638. 

— — (MciisJes and Ceniiari 

Mensitiri) Regulations 
(1915). 410 

(Milk and (’ream) Hcgu- 
latlOns (J912). 134 

-- (Oiihtbalmla Keoiiator- 

jjnu Regulations 
*1914). 533. 613 

--(Ibeventlon and Treat¬ 
ment of Disease) Act. 
11913). 650 

-(Forts) Act (1896). 002 

--(Regulations'as to Foc^) 

Act (1907). 644 

-(Scotland) Act 0897). 94 

--(Tulferculoeis) Regula¬ 
tions (1912). 256 (fr>o(* 
note). 478. 633 

-- (Unsound Food) Regu¬ 
lations (1908). 644 

-- (Venweal) Regulations 

(1916). 484 

-(Water) Act (1878). 94. 

191 

-THceluatlon. 403 

Fuerperal fever. 417. 493, 529 

--— nofclflcatkm of, 629 

■-— ofDciaJ definition of. 629 

PuJex cheopis. 1,08 
l^iUoidie. 841 

Pulmonary tubereuloeis (tee Phthi¬ 
sis) 

l*aril)(»tion of sewage. 317, 320, 
321. 823 

.— choice of method of, 826 

of wstm*. 51 
Pyrites in water, 67 
Fyiosoina bigemiuuiu, 839 


Q 

Quadratic mean. 765 * 
Quarantine, dumestic. 589 


Quarantine periods. (Able of. 540 

-regulations (shilM). 641 

-school, 589 

- -In chickeupox, 249 

- - - in diphtheria, 245' 

_ ji, enteric fever, 250 

- .— in measles. 247 

- .— in scarlet fever, 244 

.— in whooping-cough. 24» 

• — stations, 540 

(piarrics, unfenced. 592 
Quinine us antiseptic^ 558 


R 

Rabies, 485 

-furious, 485 

. iu dogs, 485 

- in buinaii Ireings, 485 
iiK-uljatioQ period of. 485 
- mortality of, 48« 

• - notification of, 629 
- -- Order (1892), 487 

paralytic, 485 

-Pasteur's exiicriiiieuls in. 

486 

— prevention of, 487 

-vaccine keatinent of. 486 

Radiation tenipcralures, 17 
Raft theory, 6 
Rainffil. 86 
Rain-gauge, 36 
Rain-water. 40 

-disposal of. 800, 813 

-pipes, 204. 699 

• — system iff drahis, 20y , 

Ranaoni's disinfector, 550 
Rats, infection by. 508 
Bauschbj^nd. 867 

Ray fungus, 868 
Receptors, 879 
Reek's apparatus, 549 
Kocordlng anemometer. 34 

-ndii-gauge, 86 

Rectfiled spirit, 164 
Redhili, enteric fever at. 484 
Refuse, cstup, dlspo^ of. 697 

-household, removal of. 284, 

802. 307. 587. 604 

--bye-laws os to. 

707. 709 

-town. 307 

-trade. 807. 636, 697. 721. 728 

Registers of sickness. 585. 680 
—— - deaths, 560 

Registrars of births. 578 

-of deaths, 677 (footnote) 

Registration of births, 784 
offcanal boats. 625 
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lodging* 

hoiiaes, 590 

-of dalrlw and oowMbats, 027 

. of deafha, 735 

— ' of Hivkneaa. 741 • 

of slaughter-lum8(.‘H. iliH), GO.'), 
7{)«. 720 

of tenement, houses. 215 
Regnaulfs hygrometeT. 22 
Kegiilation Hour. 159 
Kegulatlons, ixmerof S.A. to frame. 
704. 707 

^Ichort method. 150 
llclapsing fever. ri]r> 

— eomimlsoi-y notiflejitlon 
of. 529 

Uelative liuinidltr of air. 24 
Remittent fever. 599 
Kctiioval of refuse. 2S4, 302. 307. 
587. 604. 93.5. 097. 721. 728 

.to hospjfal. .53«. 596 

Reservoirs, 47 
Respimtion. 9 

Respirators for factory workers. <‘74 
Returns of blrtlw. 678 

.of deaths. 577 

-of lodging-houses. 723 

of notiflcatioiUi. 578 

— of pauper-slcraesa, .578 
Itevaccinalton, 308. 405 
Revolver closets, 301 
Revolving pnrlllers. 66 
RhIxoiMNis. 338 

Rhus toxicodendron. X4I 
Rice. lO: 

-composition 100 

- stai^. 193 
Rickets. 10.5 
Rldeal-Walker test, 667 
Right of entry upon private pre* 
inlses. 693 
Rlnaworm, 366 

-and «.>hooLs. 260 

River Boards. 924 

-water, 41 

Riven, 41 

— I'oliution (lomniissionen, on 

broad (nigatlon. 322 

— •— Commissioners’ Report, 

— - -of. 317. 606. 623 

—-- Prevention Act <1870). 

623 

--(1898). 94, 

625 

Road sweepings, 307 
—r- washings. 309 
Robinson's anemometer, 33 
Rochdale system. 308 
Roofs, rroulremente as to, 713 


Rooms, area of. 109 
-disinfection of, 645. 553 

• — <)ver privies, cesspools, etc.. 

104 

- - ventilation of, 186. 187, 200. 

I 714. 724 

' Roaeola, epidemic ispn Ridhelni 
lt»theln. 410 

• .noilflmfion of. 532 

Rinindwornis. 341. 346 

Royal (’idlege of Physicians On epi- 
^icmlc diarrhoea.* 
444 ifootnote) 

-— .. — on pueri»eral fever. 

.529 

- (Commission on arsenical pols* 
oning, 167 

— on sewagtMliBposal, 128. 
314. 326. 328. 624 

— on tuberculosis (1895). 

114. 475 

. -- — human and tayvine, 

Reports of. 140. 
470. 477 

- on Viiccination (1890. 
402 

- • — on veneieal diseases. 483 
Rural and urban mortality com- 

pi#ed, 737 

•• District <\>nncila. 616 
•• - districts. urlKui powers for, 
601 

— Sanitary' Authorities, 586 

— —-Ijower of, to frame 

l)ye-laws, 707 

- -districts, 586 

Rutiierfoni's minimum thermo¬ 
meter. 17 
Rye. 161 
-starch. 193 


S 

S4-trap. 285, 292 • 

Sacc^mmyccs mycoderma, 368 
Sago starch. 163 

Sailom, dlschaiged,' and National 
Insurance benefits, 653 
; Hide of Butter Regulatinns (1002), 
I 154 

I --of Food and Drugs Act (1875). 

! . 616 

---(1890). 164, 

620 

I .. ^ -—-Amendment 

i ' . Act(1879). 

{ 

I ■— of Uonedesh Regulation Aet 
I ‘.1880), 623 
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Sale of Milk Seffuhtioos (leoi). 
152 

Salt meat. oomi>oflJtk>n of, tOO 
SalU In diet. 97 ^ 

— ' in water. 65 
Miili'aixaii. 453. 484 
SHiiuilee. 620 

— of water, 67 
Saiiarelli'a bneillua, 503 
Sanatoria. 276, 470 
-«it<?» for. 277 

■.-types of IndWlngs for. 279 

Sanatorfiim l>eift:1lt. 651 

-—admlniatratlon of. 663 

Sami filters. 62. 65 

-Bites upon, 180 

-water from. 180 

Saiiristone. pemeability of. 174. l«2 

-sifts upon. 180 

-water from. 18o 

Sanitarr Accommodation Order 
(1903}. 676 

—' arraneementa of sciioob. 

SQperrlsion of. 228 
—— Au^orities. 580 

-and bye*lawB, 642 

— and house coiwtmctlon, 

189 

--and water SUPPIF. 93. 

190 

— -coinhlnJiiK to appoint 

000 

— --defoult of. 601, 642 

--duties of. as to Imrial- 

grounds, 833 

--Port. 602, 708 

-^wen and duties of 

f$ee CSiatis. xT.. xtIH., 
and xxil.) 

-url»n and rural. 686 

-ronveniences in sdbools, 223 

-districts. 686. 692 

combination of, 600 

-inspectors, duties of. 582 

-- In Lfmion, 641 

-Law, 686 

-OIBcers Order (1010). 684 

puiposes, union of districts 
for, 601 

—- Section (Mllftarr). 692 
>— Serrloe (UlUtarr), 602 

—>• equads, 692 

Saultatlon n/ school prmises, 263 
^propbrtes. 369 
Sarclnter. 366 

Satantioo of olr, 21 • 

Sauaaies and disease, 11? 
Hausnue’s bygiometer, S22 
Scabies U8 

and scliools. 260 


Scarlatina (mc Soarl^ fererl 
Scarlet fever, 413 

-41$ 

---and schools. 243 

-^— bacteriology of. 417 

- - - compubory notification 

of. 629 

- ' epidemic type of, 415 

- - — incubation of. 415 

--infection of, 416. 417 

- .isolation of. 416, 418 

..- milk end. 143, 417 

- mortality of, 414, 761 

- .— • preventive measures In, 

418 

.puerperal. 417 

. quarantine period of, 

418 

- ' - • msh of. 416 

..- seaeon and. 413 

-sex and, 414 

Scavenging. 307,688,689.704. 708. 
709 

Schistosomata. 846. 626 
Sebistosomum luDmatoblum. 346 
Schlnnnycetes. 367 
School children, feeding of, 261 

- - - - medical inspectiOB of. 

! ^ 262. 264. 266 

--treatment of, 267 

- - cUnics, 268 

' .^oeure. procedure for. 249 

I ' - Medical Sendee. 256 

1 Officer, annual report of, 

i 261 

! ..- --co-ordination of, 

I * with 

1 232 

j — _ - definition ot, 264 

;-ofBttrs and iufeotloos disease, 

i 236 

; Schools. 217 

i-building of, 217 

-cloak-rooms in. 222 

-.(dosets for. 223 

- .- earth-, 226 

- - -water-, 224 

- rloeuie of. 229, 240 

. ■■■. for diphtheria, 246, 

424 

- -fwr measlM. 248 

- —for scarlet fever, 244 

-- for wbooplng'ooagh, 249 

-Code of Begulathms for Fnb> 

lie Slemeotary, 268 

-desks iB. 221 

-dimensions of. 217 

-dratau«e fbr, 824 ^ 

-— exehisloa of £hfldrM boM, 

' . ^30. 239, 2bfi 
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Sdiools, exoUoD of cbUdien from. 

tor dilckenpozi 

249 

-for diphtheria, 245 

___ — for enteritw ferer, 

260 

— --for Impetigo, 260 

-- —for measles, 247, 

409 

-for muiQps. 249 

-for ophthalmia, 260 

——-for ringworm, 260 

—— — —— for scabies, 250 

— for scarlet fever, 
243 

___ for tnberouloslB. 

pahnonary, 249 
-tor typhus fever, 

250 

--for whooping- 

cough. 249 

-tor blind, deaf, and defective 

diildreu, 218, 259 

— tor mothers, 681 

-handicraft classes In, 218 £j 

—■* infectious disease In, 229 

-noa-iwtlllable, 237 

-notlftable, 234 

-Inspection off 250 

—lighting of, 219 
—— open-air. 264, 268 
—— playground of, 222 

— powers of 8.A. over, 280 
-quarautlne (see Quarantiue, 

school) 

-sanittfy oonvwiences In, 223 

sanltAtlon of,*263 
shower-baths In, 223 
sites oi, 182 

—~ special classes In, 218 

' teachers and Infectious dis- 
ease, 236, 287 

teaching of hygiene and phy¬ 
sical training in, 261 
—— urinals In, 224 . 

ventilation ot, 220 
•»— wanning ot, 221 
- water supply of, 228 
windows in, 219 
SolavD’i uttonthraz serom. 490 
Sderoitonu duodenale. 847 (foot¬ 
note) 

8cott-MoDcrieff treatment of sewage 
bacteria, 824 
Soott’s procese, 818. 819 
Sctnibbeis. 67 
Bourvy, 104. 702 

floallng rooms tor dlslnfeoUon, 655 
Beiman'i lodglog-ho o ie e . bye-laws 
iMwdiOg, 705 

2t* 


Seasonal variations of barometer, 80 

— -of death-rate, 749, 7 6 

—— of disease. 748 

-—" of microbes In air, 7 

—. of rainfall, 88 

—— — of thermometer, 18 

Secondary cyclones, 80 
Sedgwick’s process. IS 
Sediment tube. 58 (footnote) 
Sedimentation, 64 
Seizure of tuberculous meat, 114 

-of unwbole^^e meat. 122 t 

Self-raising dour,^60 
Self-recording anemometer. 84 
Separate contributory places, 601 

-system of sewage, 817, 827 

Separated milk, 181 
S^tio tank method, 824 
S^tlcsemlc plague, 606 
Series, statistical, value of, 766 
Serum, antlauthrax, 490, 

-antiplague, 608 

-antltetaiilo, 498 

—— antitoxic, 442 

-antituberculous, 471 

-Sclavo’s, 490 

-Yeretn's, 508 

Serums, preparation of, 382 
Service ^pes, 49 
—— reservoirs, water. 48 
—— system, water, 49 
Severity of attack Influenced by 
age. 364 

-by season, 864 

-by sex. 864 

Sewage bacteria, 61, 816 

-bacterial treatment of, 828 

-CommiMion reporta, 814, 828 

826, 828, 624 

-composition of, 308. 814 

— disposal of, 816, 623 

-farms, 822, 828 

-filtration of, 820 

—— —— Intermittent, 324 

— Irrigation <4, broad, 321 
—■ pollution of rlvwt by, 42. 817, 

628 

precipitation of. 817 
pnrlfloation ot 817 
—— —— oholoe of method of, 880 
steriUsatlon of, 820 
value of, 816' 

Bawer, detaltiott of, 691 (footnote) 

-era*. 810, 481 

Sewers. 308. 686. 608 
“ air of, 810 
• capacity of. 818 
dimeasiODi ot, 809 
—flushing of, 809 
' ventUatkm of. 811 





8» tax death^mtos ?l? ?t8« 740. 
780, 781. 7flS 

~ and ezpeotaUon ot life, 748, 
768 

— dlftrlbuUon at affecting inor- 

iaUt7. 786 

-dtetribatlon of population, 761 

-nomben bom of each. 784 

Seres, separation of, in common 
lodging-houses, 710 

-is factory doeet*. 808, 

876 

-in sdftool closets, 223 

Shade temperatures. 17 
Sheffield, smallpox at, 386. 804. 
SOO 

-syetem of deeks, 221 

Shell pdsontng 126. 129 
Sberlngbam’i ventilator, ^1 
Ships, infected, regulations as to. 
641 

-subject to iiiriedlctloQ of S.A., 

608 

— (see also Navy) 

Bbone'e system, 314 
Shop Acts, 688 
Rhowe^baths tn schools. 223 
Sicknesi benefit. 651 

—^ registers of, 686. 680 
registration of, 741*' 
Sick-room, arrangement of, 636 
Side-chain theory. 879 
Snicates in waters 67 

— —• test for, 67 

Silk as clothing, . 646 (footnote) 
SlmolldB, 628 
Siphon barometer, 27 

-trap. 286. 202 

Sites. 170. 604. 718 
gkbn-mUk, 100, 181 
SUn. paraeltM 852 
Skylights, SIO 
Sla^hter. modes d, 720 
Blaaght<^bousee, 600.606.706^ 720 
cleansing of- 720 

— drainage of.' 720 
inspection of. 720 
regktnUoQ of, 720 

— removal of lehiee Of, 721 
ventilation oi, 720 

» wateMnppty uf. 720 
Bleeptog elekneM. 628 
..... laooUatlon of. 623 
81eeplog-nx>ms, 711. 724 
analysis of six in. 146 
^top-olosets. 801 
BliidM. 818 . 

S^pox, 886 ‘ 

wtfal transmission o(*886 
age an^ 8M ftOS 


Bmallpox at Bradford 887] 

—at Qlaagow, 887 
at Gkracester, 886 
-at KUmareock, 808 

— at Oklham, 88? 

-ftl Orsett Union, 888 

-at Shield, 886, 894. 800 

-at Warrington, 387 

—— compulsory notlflcatkm of. 520 
—— death-rate from. 386 
-disgnoels of, 880 

— epidemic character of. 886 
—boepttala for. 267 (footnote) 

-in London. 893.804. 806. 897 

-In pre- and post-vaodnatlOTi 

periods. 802 

-incubation period 889 

-Infection of. 880 

Inoculation of, 882. 801 

-Isolation period of. 889 

-mortality of. 392 

-precautionary meeauree In. 

391 

— quarantine period d, 880 
-race and. 388 

-rash of, 890 

-sanitation and, 888 

-season »d. 886 

-sex and, nS8 

-symptoms of, 880 

(see alto VaocinaUon) 

Smith's (Angus) method, 16 
—— —^ vamlah, 76 
Smoke nulsanoee, 691 

-test, 206 

Snow. cleariBg away, 700 
Soap, 78 ‘ 

Sodium hyposulphite. wdutlouB di 
In water, analysis, 84. 86 
— salts Ip water. 72 
Sctft chasore, 422 
Softening of water, 61 
Soli. 170 

-air In, 178 

-and dlseiies. 177 

-Cacteitaln, 176 

-oomposlUon ol, 174 

-made. 174, 179 

—— moiiiure of, 171 - : 

—organic matter in. 17 

--pipes. 888 

-t«stt:« of. 296 

—— tempemtare of, 170 , ' 

Bohu^radii^km tbenttomete, SI 
(footnote) ^ 

Soldiers, (Usdranred. and Msttpou 
insoaMOoe hsMllts, Ml ' 

— stiicttW) of, W8 . • // 
Bonds la milfc. ISO, 18S> Vtf 
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Ww; haallli of treoM 

ul. 691 • 

SpwW dnlnag? dl«trtot«. 601 ’ 
Spedflo dlfleMM (m« Infectloos dte- 
cases) . 

-— mvlty of milk, 188* 

Spence s process. 310 
Spirilla, 366, 868 
SplrlUiun obermeleri. 368, 616 
Spirit*. 164. 168 
Splroolueta palUda, 480 
SpiioobsBte), 866. 480, 618 
Splenic fever {tee Anthrax) 

Sponje flJters. 62 

SpOQgy-lroa filter, 60 

Sporee, destruction of, 66i 

Sporooytes, 618 

Sporozoa, 838. 611 

Sporosolts. 613 

Spotted fever. 464 

Sprayers. 668 

Sprengel pomp, 64 

Sprlufs. 40 

Stable dwellings, 216 

Standardization oi disinfeotante. 

667 ’ 

Standard* of purity of afr, 182,106 

-- of milk, 130 

--of watlr. 00 

Staphylooood, 866 
Starch. 162 
—- a* food. 96 

examination of, mlcroecoDlc. 

162 

wintlon In water analysis, 84 
StaRAes. foreign, in flour, 168. ifli 
*lll» of, 766 
BtatoUos, vlt^ 781 
Steam dlilofeot^. 618 

-— bad effeo v af. 547 

—- heating by, in 
*— la SBwea, oos 

wetomyU oalopua, 60S 
hwolata, 608 

^phaouna deotatus, 117 
BlldUiatlon of mufe .151 * 

Irf w^, by dUoroe, 52 
by chtortne, 62 

Staagt m offeastve mabsiale. 728 
ftore a, heaUng Iqr, soo 
^tnaaw. poUation of, 41, 6O6 I 
Stfeeta, aew, 608 I 

—- —^ bys«la«f ai to, 706, 712 
jtiiptooooel. 62. 866 ’ 

POiiPtoQoooaa aaglnoaM. 144 

—^•Bteridltli, 4W^ 
hoUaDdloQs, 186 
fiUitktfUe, 144 
—r pTOgenei, 417, 486 
MulailMB. 417 


BtieptoUirlz, 867 

-aotinomyoee, 868 

-— madam, 868 
Sttoagyhia daodenall*. 847 (foot 
note) 

-flJarla, l(» 

atroctures (ms BuUdlngs) 

Subildenoe tank*, purifl«^on br 
57 ’ 

Subsoil drainage. 178 

-Irrigation. 816 

—- of house, drainage of, 201 » 

-water, 172^ 

2 -- dlfpoeal of, 800, 813 

Sucoeaelve means, 767 
Sugi» a* food. 06 

-compoiltlon of, 100 

Sulphates in water. 66 

-—— testa for, 67 

of iron, copper, and sine, as 
disinfectant*. 561 
Sulphides In water, 70 
— teste for, 71 

Sulphur candles In disinfection. 

553 

Sulphuretted hydrogen In air, 4 

-7- --In wBto, 65 

Sulphuric acid aolution in water 
analyst, 34, 99 

Sulph urous acid, as antiseptic, 568 

— --as disinfectant 558 

-- in air, 3 

-- In water, 67 

— -solution in water analy- 

„ . sis. 82 

®““ny-»ohool8, independence of. of 

8 .A., 242 (footnote) 

Summaxlmum tbeimometer. 18 
(footnote) - 

SuD^ leoorden. 10 (footnote) 
Superheated ateam. 547 (footnote) 
Surgeon*, oertlfylnt. In faoto,3ei, 

Si^ptlbiUty to dteaae. TMlationa 
to. 361, 864 u 

Suspended matten to air, 1, 4 9 
— — to whter, 68 
8^, keeping of, 588, 688, 640, 

Symonda’ earth theonometei!. 26 
Synoptic chart*. wTSiTm 
S yphlU*. 180 
—■ Aanoie of, 481 

-hereditary. 481 

toeabaUon p^od of. 486 
mode* ol luftotiM UL 48l v 
~ 5«5iBg ■ ; } , 
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TsbM meMnterioa. 405, 474 
Taohe oOrObmIe. 456 
Taenia ecbiaocoocua, 844 
medlocaneUat^ 848 
—• nana, 346 

-floUmn, 842 

Tnniada, 108, 842 
Tallow-meltbtf, defluitios of. 727 
tootooto) 

Tttnkt. school, 22 Z 

Tapeworms, 69. Iw. 841, 842 
Tapioca atarcfa. 103 
Tsrlor’g cloaet, 808 
Teachers, iiwtnictloas to, as to 
notiflsble dlsesses, 286 
Teeth, deca^ of. 094 
Telluric dlnaees, 177 
Temperance teaching in schools, 201 
Temperature, dew-point of. 21, 28 

-of air, 17 

—— of factories. 674 

-of soil. 19, 170 

Teiaporafr hcMpltals, 274 
Tenement factorf, 669 
-houses, 216 

—— - bye-laws as to, 706, 722 

—~ — cleansing of, 7C8 
___ —_ closet accommodation 
of. 72S 

—— —— cubic sqace of, 722 

— —— deflnltloD of, 722 
-— infectious disease In. 724 

— —— Inspection of, 728 

—— —— limitation os to class 
In. 722 

—. npsdr of. 726 

-- returns erf, 728 

--yentilatlon of, 728. 724 

-water supply of, 728 

— yards <rf. 724 

-workshop, 669 

Tent h^itals, £74 
Tents and vans. (92, 706 
TetMine, 875 
Tetanolysln, 875 
I^tanoepasmln. 876 
Tetanus, 491 

antitoxic serum in, 493 
—— baoiUns of. 492 
—~ incubation period of. 491 
toxins of, 875 

Tetrachlorethane poisoolog, 686 
Xbsompeutlcs of lomunity. 882 
Thnoometdrs, air, 17 
—• earth. 20. 171 » 

T&nedwonns, 841 • ' 

Thnah's dlstnfeotor, 649 
. 64 


TbitiSh, 868 A 

Thymol, 568 
Tick fever, 616 
Tldy'e oxygen process, 84 
Tinea o(,'clnata, 866 
—— tonsurans, 866 
—— versicolor, 866 
Tinned foods. 116 
T.N.T. poisoning, 684 
Tobin’s ventilator. 201 
Torricellian vacuum. 28 
Town planning. 665 
—— Procedure Regulations, 

666 

Towns Improvement Clauses Act, 
699 

Toxic Jaundice, 684 
Toxins, 8e9.-878 

-effects-of, 874 

-extracellular, 376 

-baptophOKKU element of. 860 

——• intracellular. 875 

-toiophorouB element of, 880 

Trade effluents. 42. 809. 827. 628 

- refuse. 807, 636. 697, 721, 728 

-dangerous, 682, 689, 690 

Trades, offensive itee Offensive 
trades) 

Trap, antl-D, 291. 293 

- beU. 298 

-D. 293. 298 

-diseonnecting, 288 

-grease, 293 

-guliy, 292 

-rock, 180 

-S. 286. 292 

—— 8h>hon, 28B 

-ventilation of, 288, 269 (foot¬ 
note) 

Traps, 285 
Trematoda, 841, 845 
Trembles,'' 141 

Trichina splnlis, 108. 117, 850 
Trlchluosis, 860 
Triobochrta. 868 
TrlUat'i apparatus, 564 
Trlnltfotolueiie polMOlng, (M 
TrJpe-boUer, deOnitlOD Ot. 72? 
(footnote) 

Tropical abscess of liver, pararites 
Id, 866 

-aiuemla, 849 

—diseases, 496 
Trotyl poisoning, 666 
Trough olosets, 299 
— —— in sdiools, 228 
Trypanoplsraia. 840 
Trmnosomes, 840. 628 





Tube wellBA46 
Tubercle bmllus. 7. 136. 469 
^— —* toxin of, 376 
Tuberooiaee. 471 
TubercullQ, 470 ^ 

- In dlagnoBlii of phthins, 471 

—— in tr^tment of phtliiate, 471 
Taberculocldin. 471 
'L'ubercQloeis. 406 

-and acboola, 249 

-aTlan. 477 

-bovine. 113, 470. 474 

—- dlgpensary, 478 

-dtoBeminated, 465 

-human, 474 

-- notification of. 633 

-of Iwnw and Jolnl*, 405 

-Order (1918). 110 

-.prevention of. 4‘JJJ 

-pulmonaiy isft Phtblaie) 

Royal CoramlMloiw on (sr#* 
Royal Oommteelon) 

—•— aanatorla. 479 
—— transmlasiblUty of, from ani¬ 
mals to man. 474 

-verrucosa cutis. 476 

Tubercnlons meat. 113 

-menbwitis, 465. 474 

-milk, 136 • 

perttonltb. 466. 474 
Tcunbiet closets. 301 
Turbidity test of water. 89 
Typhoid carriers. 142. 438 

-fever Enteric fever) 

Typhus fever, 4S9 

-age and, 480 

-— and sdooJfl, 250 

-oompuleory notification 

• of. 629 
lacabatloQperiodof, 481 

-- —ififeotiOD of. 481 

—isolation period of, 4.31 
mortality of, 4S0 

•4— predisposlug cauaes of. 

430 

preventive nieastres for. 
‘ ■' '432 

qnamntlneperiod(^,640 
iQx ami 480 
^(nM^zioou. 166 
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OMhicROiind dweUlfics, 210 
fever. 621 
afeai, 669 
661 

CfalDn of districts for sanitary pur* 


; United States Army CommlssiOi], 
I 608’ 

I Unsound fish, po^nlng by. 126 

-food, selsture of, 695 

UbwlM^esome meat, classification 
' of. 123 

j-'seizure of, 122 

Urlian and rural mortality com 
pared. 737 

!-District Councils, 616 

;-powers for rural districts. 601 

; -Sanitary Authorities, 686 ^ 

I-%ower of. to make 

[ bye' laws, 603, 

! 704 

i- dtotrlcto, 686 

; Urinals in schools, 223, 224 
Urinary calcdll, 79, 93 
Uxbridge, enteric fever at, 434 


V 

j Vacclnatiou Acts. 403 

-cholera. 500 

-enteric fever, 442 

-Ill Army. 699 

-paratyphoid fever, 444 

-mWes, 486 

— • sumUpox. 301 

— -arm-to*arm, iOO 

-by calf-lymph, 400 

--certificates, magistrates’, 

408 

-character and area of, 

.386 

-effect of, on incidence. 

894. 396 

-on mortality. 392 

-liisnsceptlblUty to, 404 

(footnote) 

-postponement of, 403,404 

--present state of ww as 

to. 403 0 

--prottttlon afforded by, 

^ 401 

-limited duration 

of. 397 

--public, 403 

- 1 — Report of Royal Cosn* 

mission on, 402 

-—— («e also Revaodzuvtlon) 

Vaccine. HtdrUoe's cluHem, SOO 

-pUfUe, 607 

—— Pasteur’s, 872 
— treatment. 884 
Wrifht’i, 4« 

Vaodnes, prepanthm of, 8M 
Vaccinia. 899 
Vacuum ventllaiioft;: 




INDEX 


Vahie of sewage, Stfi 

of Htatiatlcal aerieit 75& 

VnhKo doMta. 897 
Vail Overbeck de He}’er'8 disin* 
feotor. 649 

Vanu and tenU. 592. 706 ' 
Vapoiire. offeiwii'e. In tradM, 728 
Varicella. 406 

-gangrenosa, 406 

Varloiatlun, 902, 39i 
Vaulta. 726 
■ 5 — closure of, 72fi 
Vegetable dietan^ 104 

- -- foods, 157 

matter In soil, 176 

-- in water. 87, 92 

-parasites, 860. .“ios 

Vegetables, green, composition (d, 
100 » 

Vegetation, effect of, on cliniale, 170 
Venereal disease. |80 
--forms of. 480 

- - -- freatmefit of. 488 

— -.— under rnblic 

Health Itccnln' 
tions (19161.484 

-Diseases Act U917). 484 

Ventilating flre*plnces. 200 
Ventilation. ]92 „ 

- ■ artillci.'il. 206 

beneath doors, 185. 714 

- - Camelley, Iljldane, mid An¬ 

derson's analyses. 106 
• effective. 195 

- effects of deficient, 194 
-Haldane and iKirraiii Smith’s 

eipeiiments In, 196 

-mechanical. 200 

-natural. 200. 206 

-of cowsheds. 084 

— of dairies. 036 
-of drains, 288. 715 

-of dwelling-houses, 192. 714, 

«24 

-of factories ^nd workshops. 

591, 672 

. of hospitals. 206 

. of new buildings, 714 

of rooms. 192. 714. 724 

— of schools, 220 

-of sewera. 311 

-of slaughter-house. 720 

— of tenement houses, 723. 724 

-test for. 207 

.Veotliators. 200 

Vetrist. 161 

Verminous children, clausing of ,649 
—~ dysentery. 825 • 

Vetnief ecale, 27 
Vibrio cholene aglaticw. 368 


Vfbrlones. 366 
Vine^r, 168 

Virus, attenuation of, arn 
—: transmission of. through in* 
^sceptible animals, 373 

-(w fliso Toxins) 

Vital statistics, 731 
Vngel'9 hluod-test, 16 
Voluntary Health Societies. 581 
N ull Plrquot’s reaction. 471 
V-shaped depressions, 81 • 
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Walls, cxmstnu'tlOD of, 182,185,713 
Waiiklyn's ammonia process. 8» 
War {nre liluropcnn War and South 
Afritsui Wat) 

Warming (gen Heating) 

Warrington, small-pox at. 387 
Wash-down closet, 297 
W.ishiiiK in»>mm 9 u lodging-houses, 
711 

Washington T.yon'i disinfector, 548 
Wash-out closet, 297 
Wassennaiin test, 484 
Waste of water, prevention of, bye¬ 
laws as to. 7(k) 

Waste-pipes. 292 
Waste-water closets. 300 

-in «choolH. 226 

-system of drainage, 291 

W'ater, 16, 39 
-aerated, 65 

— amount of, for domestic and 

'’pcfsonal use. 39 

— -foi- municipal purposes, 

39 

— -f9r trade processes, 39 

-analysis of, 79 

-and diseaae. 92, 434. 497 

-as fo6d, 97' 

-bacteria in. 60. 80 

,-Ijaioiaeter. 20 \r 

-boiling-points of, 547 (foot* 

note) 

-characters, of, 00 /■ 

-dOBele. 208, 688, 716 

-—— jn acbools, 224 

-coUectlop of, 47 

-devitalisatiou of. by itomge, 

64 

-dissolved matter Id, 58,79, 87 

-distribotloo 6t, 49 

-equallsatton of. by storage. 55 

-examination at, 67 

-—r for bacteria, 68, ' 

— --lor ff«es. 64 

— -hsrdr>«w, 78 
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Water, exaniloattou of, for uiiaeral 
laalto. 66 

—:-for onwnic matter. 76 

fQf Buapended- matters, 

,ii ^ -interproUtloii o^resultn 

of. 86 

"**" filtration of, domeatic, 62 
—— public, 65 

" —r- 8a»,” carbonic oxide in. a 

-Baaefi In, 64 

--good and bod, 90 

-5 — tflound, 172 ' ^ 

•-- hardness of. 78 

-in air, 16 

/-in milk, i:w 

- •• io soil, 171 

in tiBSuee, 97 

- - marsh gas lb. 

- mineral salts in. T>6 

-moorland, plumlxi-fiolvciit ef¬ 
fect- of, 73 

-orffanic matter in. 79 

-orirautsins in. 69 

— parasites In. 69 

-'physical diameters of, 58 

-pipes, 46, 75 

-purifleat-iou of. 61 

--by boHjiiB, 61 

-by chemical processes. 

.61 


-~ —— •— Clark's, 51 

---Porter- 

Clark’s. 62 
^ by distillation, 61 
by rntmtion, 621 66 
by eflOlmentation, 64 

-rain, 4U 

-riwi 41 ■ 

-ialts in. 66 

-samples of, 67 

-- isdlmentatloB of. 64 

—Bouroes of. 89 

-spring, 40 

-r-' iteritiatlou of, 62 
—^ storage of. 47, 64 • 

-bye-laws as to, 723 

--sutisoll, 172’ 

-supplies. 48. 60. 03. 160, 686 , 

. 638 

—~ — Acts of Parliament go¬ 

verning. 94 

-for eanal-boaU, 620 

toy cowsheds, 086 
-r —— for, sohoois, 823 

--forsiaughter-bou8e8,72u 

- pollution of, by grave¬ 
yards, 331 

suspended'•matters la, 68. 98 
test. 266 


Water used for. public purposes". 

308t . . 

-waste of, bye-laws as to,'730 

—* well, 40 
• WaiercresB, 16l 
W8tm>8cal. 286 
! Webster's ptooew. 319 
Wedges of high presatire, 31 • 

' Weilieck dls^ise. lUK 
' Welfare work among mothers and 
(hildren. 681 

. . — jn munition factories 

687* 

Wells. 40. 43 

-closure of, 586- 

.-dumb, 816 

WerDtir-Schmidt'a method. 13S 
Weslphal iNdatice. 138 
Wet and dry imlb hygoimcler, 23 
I Wheat flour isec Floui ) 
t Wheat-starch, 163 
i WliecI barometer. 27 
' Whisky, 168 
Whltthread's prot'ess. 319' 
Whooping-cough. 411 

-mid sthools, 24» 

-incubation period of, 412 

infection of, 411 

.Isolation period of. 412 

-moftalltyof, 411. 761 

Widal reaction. 443 
Wimbledon, scarlet fever at, 146. 
147 

Wiochesteri enteric fever at, 127 
—guart, 67 
Wind, 81 

i Windows. 187. 800. 714 
— in schools. 216 
I Wind-ruse, 36 
i Wine. 164 

i Women, employment of, In fac¬ 
tories. after ohildblrUi. 686 
— hours of employment o», in 
foctcrles. 686 • 

Wood hMpItnls, pi 
*< Woolleu uluthing, 646 (footnote) 
Wboteorters' (Useiwe {gee Anthna) 
Work. home. 0B1 

-mechanical, done by food, 102 

Working Classee, Uouslng of, Acts. 
I 056, 662 

; Workmen's Compensation Act 
1 (1006}. 688 
i Workplace, 070 
\yorkshopB, 660 
\j definition of, 609 
I -— domeetlo, 669 
{ — lighting of, 812 (fooifiots)^ . 

I — men's, 669 
-SJk, and, 670 
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Wrifht'B TftcdDB. «| 
\V«U8ter'8 reagent, le 


</.& 

_ _endemic area* of, -600 . 

_^ eUolDgr of. B03 

_ITj incobatloa Dettod of. 

_iiaftfcted idiiiw Mid, 

602 

__uotiacatlon of (temiHJ- 


YeUow prtdli^O^ 

ditlon* «• 501 

—— *■— prerentlou «,' . 

_tMalatlo»wi (shU»)i eBj 

- f— Beasun and, SOI ^ . 

-y— eymptonw of. 60* - 

_temperature and. Wl 

__tranamiBsion of. SOS _. 

Yewln'a plague eenun, 608 


Zlehl-SlMliien 

Ziuocopper ptocos* tof oilollW 
nitrogen. VO 

Zinc in water,. “7 , _ 

_gaiu a* dlimfectaot*. 668 

Zoogloea. 306 
Zygote. 618 
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